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BOOK  IV. 


OP  THE  PHENOMENA  OF  VEGETABLE 
LIFE? 

x!  ROM  the  analysis  of  the  vegetable  structure 
whether  external  or  internal^  and  of  the  primary 
and  constituent  principles  of  which  the  v^etable 
18  composed,  or  to  which  it  may  be  reduced^  as 
exhibited  in  the  several  books  of  the  preceding 
volume,  the  transition  to  the  subject  of  the  func« 
tioiis  of  the  v^etabH  organs  is  both  natural  and 
easy.  It  cannot  howevei^  be  said,  that  the  subject 
\%  itself  of  easy  investigaticoi,  eofibracing  as  it  does 
t!.  ^  phenomena,  both  physical  and  chemical,  of  the 
whole  of  the  process  of  vegetation,  from  the  period 
vol.  II.  '  B 


2  GERMINATION  OF  THE  SEED.  CHAP.  I. 

of  the  first  and  incipient  symptoms  of  the  agency 
of  the  vital  principle  as  displayed  in  the  evolution 
of  the  seed,  till  that  of  its  ultimate  and  complete 
extinction  as  denoted  by  the  death  of  the  plant. 
Division  The  subject  therdbre  nec^dsarily  involves  the  se- 
ject/'^^'^cral  following  topics,  which  shall  each  constitute 
the  ground  of  a  separate  chapter :— Germination ; 
nutriment;  digestion;  growth  and  developement  of 
parts;  anoriialle^  biF  vfegetable  d^Velbpcihdrit^  sexu- 
ality of  vegetables ;  impregnation  of  the  vegetable 
germe;  changes  consequent  upon  impregnation; 
propagation  and  dispersion  of  the  species;  causes 
limiting  the  dispersion  of  the  species  ;  evidence  and 
character  of  vegetable  vitality ;  casualties  affecting 
or  destroying  the  vitality  oF  vegetables. 


CHAPTER  I. 

J         GERMINATION   OF  THfe   SEED. 

All  plaob  <5rikrfiNAlnoN  IS  that  act  br  operation  trf  tht 
&ced>g*t***^  pWhciple  by  Which  the  ^nkbryti  i^  eJr- 
Irieitrid  Frohi  its  ehvelbpd*,  ahd  cohve^-tfed  into  a 
phttl.  This  is  iibiverially  ihi  firrt  ^rt  of  fch^ 
j)toc^*s  bF  v^gctitidn.  Foi-  it  miy  be  rtgit^dfetf  is 
tm  indubitable  fact,  that  all  phbts  ipHrtg  originally 
from  seed;  the  tJbctritte  bf  ifeqviivbfcal  gerieWktibh 
being  now  most  completely  elxploded,  abd  -atl  ad- 
ditional proof  adduced  of  the  uttiformity  of  tht 


operations  of  nature.  But  seeds  will  not  germinate 
at  random^  and  in  ^  .^ccumstances  whatever. 
Tbey  will  germinate  only  under  certain  conditions, 
aM  tiTT  mdh  wndttions  take  place  the  v\M  prin- 
txfUt  lies  Acimiant  in  the  substance  of  ihe  seeif. 
But  when  a  «eed  is  placed  in  the  soil,  or  in  cir- 
cumistances  otfaerwise  faronrable 'to  vegetation,  the 
vital  principle  is  itnmediiErtely  stimulated  into  action, 
producing  a  variety  tf  combinations,  ^nd  effecting 
a  gradual  diange  in  the  psMs  cf  the  seed;  Thi 
radicle  is  converttd  into  a  root ;  the  plumelet  int6 
a  trunk  or  stem  witJi  Its  leaves  "and  branches ;  and 
b  new  plant  is  formed  capable  of  extracting  fi-om 
the  soil  or  atmosphere  the  fbod  necessary  to  iti 
growtfi  and  developement. 

What  then  are  the  conditions  necessary  to  ger- 
mination ?  What  are  the  changes  produced  during 
the  process  i  And  by  what  meahft  are  the  changes 
eilbctfed  ?  These  inquiries  shall  form  Tes{)ectiVely  the 
subject  iif  the  three  following  Sections.  ' 


Cpfiditkita  neees^et^  to  GermSttaiioB. 

The  conditions  necessary  to  germination  relate 
either  to  the  internal  state  of  the  seed  itself^  or  to 
the  circumstances  in  which  it  is  placed,  with  re- 
gard to  sufTonnding  substances. 


CBRMIVAT101I  OF  THE  8EXII.         CHAP.  U 


SUBSBCnON  t. 


Maturity  of  the  &edL~Tbe  first  conditioo 
oessary  to  germinatioii  is,  that  the  seed  must  havo 
reached  maturity.  Unripe  seeds  seldom  gmnimtte^ 
because  their  parts  are  not  yet  prqiaied  to  form 
the  chemical  combinations  on  which  germinatioii 
Buxp^  depends.  There  are  some  seeds,  however^  whose 
germination  is  said  to  commence  in  the  very  seed* 
vessel,  even  before  the  fruit  is  ripe^  and  while  it  is 
yet  attached  to  the  parent  plant  Such  are  those 
of  the  TangekoUi  of  Adanson,  and  Agave  "Civipara 
of  East  Florida,*  as  well  as  of  the  Cyamus  JVe- 
lumbOf  of  Dr.  Smith,-f*  or  sacred  Bean  of  India ; 
to  which  may  be  added  the  seeds  of  the  common 
Garden  Radish,  whose  germination  I  have  often 
found  to  be  completely  eflfected  in  the  pod,  at  least 
in  the  case  of  plants  that  had  been  allowed  to  re- 
main after  the  usual  period  of  gathering.  Peas 
have  been,  also^  known  to  germinate  even  when 
gathered  and  committed  to  the  soil,  in  a  green  and 
soft  state;:}:  and  I  have  known  a  Lemon  s^  to 
send  out  a  radicle  an  inch  and  a  half  long,  and  a 
plumelet  visible  to  the  naked  eye,  b^re  it  was  yet 
extricated  from  the  fruit.  But  these  are  examples 
of  rare  occurrence ;  though  it  is  sometimes  neces* 
sary  to  sow  or  plant  the  seed  almost  as  soon  as  it 

*  Barton's  Elements,  p.  58.  f  Exotic  Botatiy,  No.  7. 

♦  Scneb.  Ph>f .  Veg,  vol.  iii.  p.  377. 


^MCV.U  COKDITKIMS. 

IS  fiiUy  ripe,  at  in  the  case  of  die  Cofte4>eMi; 
which  will  not  geraunate  anless  it  is  sown  within 
five  or  sir  wedu  after  it  has  been  gatheted. 

But  most  seeds  if  guarded  from  external  iiyuiy 
will  retain  their  germinating  faculty  for  a  period  of 
many  yean.  This  has  been  proved  by  the  ezperi« 
ment  of  sowing  seeds  that  have  been  long  so  kept; 
as  well  as  by  the  deep  ploughing  up  of  fields  that 
have  been  long  left  without  cultivation.  A  field 
that  was  thus  ploughed  up  near  Dunkeld^  in  Scot* 
land,  after  a  period  of  forty  years*  rest,  yielded  a 
constdirable  blade  of  Black  Oats  without  sowing. 
It  could  have  been  only  by  the  plough's  bringing 
up  to  the  surfiM»,  seeds  that  had  been  formerly  too 
deeply  lodged  for  germination. 

SUfiSBCnON  II. 

Exckuum  of  Light.^-^Tbe  second  condition  is, 
that  the  seed  sown  must  be  ddended  from  the 
action  of  the  rays  of  light     This  has  no  doubt 
been  long  known  to  be  a  necessary  condition  of 
germination,  if  we  rq^ard  the  practice  of  th^  har- 
rowing or  raking  in  of  the  grains  or  seeds  sown  by 
the  farmer  or  gardaoer  as  being  founded  upon  it. 
But  it  does  not  seem  to  have  engaged  the  notice 
of  men  of  science,  or  to  have  been  proved  by  direct 
and  intentional  experiment  till  lately.    The  first;  Esperi- 
direct  experiments  that  were  instituted  on  this  suU  j^Jj^ 
ject,  are  those  of  Ingenhouta,*  who  found  that;^"^ 
^  Eaqirr.  tar.  la  Vcg.  toI.  ii. 
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seeds  germinate  ftister  in  ^e  shade  than  ii^  th^  sun^ 
and  hente  eoncladed  that  ligiit  is  phrcgwdieial  to  ger^ 
mination.  Senebiett^*  who  afterwards  repeat^  the 
experiments  of  Ingenboutz  with  the  same  result, 
drew  from  th^m  also  the  same  conelusion. 

Bvit  it  remained  to  be  determined  whether  tbo 
prejudicial  effect  was  to  be  attributed  mereljr  to 
ttie  lights  pir  partly  to  the  heat  accompanying  it. 
From  the  experiments  of  Ingenhouta  and  Senebier^ 
the  injary  appeared  to  bt  occasioned  by  the  light 
only ;  beeaase  the  comparative  experiments  in  the 
shade  and  in  the  snn,  were  made  at  equal  tempera- 
tures as  indicated  by  the  thermometer.  With  this 
cbncKision,  however,  thongh  apparently  legitimate^ 
OfSauft-  M.  Saussore  professerto  be  dissatisfied^  because  the 
thermometer  placed  even  under  the  recipient  is^ 
in  his  opinion^  incapable  of  indicating  the  actual 
degree  of  the  heat  of  the  solar  rays  impinging  on 
the  surface  of  *Ae  seeds,  whieb  he  bebeves  to  be 
carried  to  a:  very  gveat  height,  tkmigh  still  escaapuii; 
our  instranwnts .  of  observation*  But  -  this  mode  of 
reasoning  is^  to  say  the  least  of  it,  still  more  in** 
consequential  than  the  former ;  beeause  it  b  setting 
up  a  mere  probability  from  which  nothing  oaa  be 
inferred,  in  opposition  to  a  direct  finct,  from  whittb 
something  surely  should  be  inferred.  It  may  in^ 
deed  be  true,  that  the  d^ree  of  beat  im{Mogtug  on 
(he  Burfece  of  the  seed  is  so  great  as  to  impede  its 
^rmination;  but  aa  no  direct  proof  ean  be  adduced 
in  support  of  the  opinion,  we  nnist  just  rest  sgbs^ 
•  Metn.  Phya,  CUiik  vol.  iit  p  941. 


fuie. 
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sueh  tixM  as  odier  instwiHinta  shnll  -be  inra^^ 
capibfe.i^f  ^^tactio^lti^^rMmfi  andn/vattIi.th9}Nre<$ 
vioiis  condmiom  UU^fMue^  tlvie  aStSomefiOMtiYe'&Qib 
shftU  lie  oppose^  to  tbe  wperimcntA  icoifk  fdiiah  it 
bikdata^d*  - 

SUBSECTIOI^    III,  .  ,  ,' 

Action  of  jffeflr/.— A  *hirrf  condition   necessary 
to  germination  is  the  aeoess^of  heat.     No  seed  ha# 
ever  been   known  to  germinate  at  or    below  th^ 
freezing  point.     Hence  seeds  do  not'  germinate  in 
winter^  even  thoagb  lodged  in  their  proper  soil. 
But  thrvital  principle  is  not  necessarily  destroyed 
in  consequence  of  this  exposure ;  for  the  seed  will 
germinate  still,  on  the  return .  of  spring,  when  the 
ground  has  been  again  thawed,  and  the  temperature 
raised  to  the  proper  degree.     But  this  di^ree  v&ries  Different 
considerably  in   (KfFerent  ♦  species  of' seeds;  as  I8q„iredif- 
obvious  from  6bserving  the  times  .of  their  gei-nrf*.  "'*°^J^' 
nation,   i^hether  in  the 'same  or  m  tlHIeiient  diu 
mates.  For  if  seeds  which  natu^lly  sow  iSiemselv^s, 
gernrAnat^,  in  dtfierent  climated;  at'the  aatee  period ;  .  v 

or  in  the  same  climate,  it  different  ]^rtod8;*the 
temperature  necessary  to  their  gemtittiltibri  must  of 
consequence  be  different.  Now  (tMse  <»seB*  af% 
constantly  occufcring  and  presentiiig  tfaemsel¥ei  tb 
our  notice;  and  have  also  been  made  the  subjeot 
of  particular  observation.  Adanson  ftuiid'that 
seeds  which  will  germinate  in  the  Bpace  of  twelve 
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demy>for  the  year  i66q;  and  the  inference  deduced 
ifom  them  is,  that  seeds  in  general  do  not  germi- 
nate if  deprived  of  atmospheric  air;  bnt  that  Cress- 
seed,  Lettace-seed,  and  a  few  others  will  germinate 
even  \t\  the  vacuum  of  an  air  pump.  But  the  same 
experiments,  when  afterwards  repeated  by  Boyle, 
Muschenbrock,  and  Boerhaave,'  with  a  much  better 
apparatus,  did  not  confirm  the  latter  part  of  the 
result.  On  the  contrary,  they  tended  aH  to  prove 
tTiat  no  seed  germinates  in  the  vacuum  of  an  air- 
pump  ;  and  that  in  the  cases  of  germination  men- 
tioned by  Homberg,  the  vacuum  must  have  been 
very  imperfect. 

The  same  experiments  were  again  repeated  by 
Saussure  the  younger,*  who  says  that  the  seeds  of 
Peas  gave  indications  of  germination  in  vacuo  in 
the  course  of  four  days,  but  never  effected  any  de^ 
Velopement  of  their  parts  beyond  the  first  appear, 
ance  of  the  radicle.  But  is  this  a  sufficietit  ppodf 
Ifhat  germination  had  been  really  begun  ?  Perbapp 
it  might  have  been  nothing  more  than  merely  the 
effect  of  the  water  with  which  the  Peas  were  moist- 
ened, distending  their  parts ;  and  perhaps  we 
should  conclude  upon  the  whole,  that  in  a  perfect 
vacuum  no  seed  will  germinate;  but  that  in  the 
most  perfect  vacuum  hitherto  formed  by  human  art 
some  seeds  may  germinate. 
Elucida-  Such  were  the  discoveries  of  phytologists.  con- 
pnwm^U^  cerning  the  agency  of  atmospheric  air  in  the  pro- 
cheroistiy.  .■  #.  ^^^^  ^^^  j^  Vog.'chap.  i.  sect.  i. 
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dW»  of'y>iiriiiitiony>  at  I'pipwd  wh«ti  tlie  stu<fy«f 
HMdiMieftrpMUiiiaftict  wa«  Imt  yet  in  its  infaiioyw 
ItiPfas  noiyife  ibvMeMi  that  ehemktry^  iM^Ag  iti 
aM  t^  the  dev^Iopeinent  of  the  oeiuses  of  the  pht- 
BOttiena  of  vegetable  life,  was  to  elueidate  by  means 
of  pneumattoal  iKsGovery,  the  wywterieB  of  germta 
nation.  Bet  this  has  prwedto  be  the  4act.  Thtf 
jKsooveiy  of  the  several  gases,  and  of  their  varipne 
chemidal  properties,  has  oontributed  more  than  all 
other  circtimstaneas  put  together,  to  explain  and 
ehiqidate  the  phenomena  of  vegetation.  The  first  By 
experiments  on  this  obscure  but  interesting  subject  Achard) 
are  tbose  of  Scheele^  who  drsoovered  soon  afler*™'®*"'- 
the  introduction  ef  pneumatic  chemistry,  that 
Beans  did  not  germinate  tn  any  l^ind  of  gas'  in* 
differently;  but  that  ox}rgepe  gas  i^  necessary  te 
the  process.  Aehard  afterwards  proved  tbftt  ne 
seed  will  germinate  in  Qitrogene  gas,  or  carbonit 
acid  gas,  or  hydn^ene  gaa,  except  when  mixed 
With  a  certain  proportion  ef  oxygene  gas ;  and 
hence  conotnded  that  qxygene  gas  is  necessary  t0 
.  the  germination  of  ail  seeds^  and  the  only  con- 
stituent part  of  the  atmospheric  air  which  is  ab- 
solutely necessary. 

The  experiments  of  M.  Aehard  were  afterwards  Who  find 
irepeated  and  eonflrmed   by  a  number  of  other  ^^^*^th^ 
chemists,  particularly  Cruickshank  and   SaussurCjeran^^i.^ 
who  found  that  seeds  will  not  only  not  geoninate  g?5'«ninav 
in  nitrogene  gas,  hut  will  die  if  pnt  into  tt  even 
after  germination  has  been  begun,  et  lea*t  if  the 
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radicle  oalj  »  developid«*  SanaUer  iMMid  dto 
that  aeeds  will  not  germiiuite  in  an  artificial  atoaoa* 
phere  that  does  not  contain  at  least  one  eightfi  pnrt 
ci  its  bulk  of  oxygene;  but  that  the  most  iafouf^ 
able  proportion  is  when  it  contains  one  foarth 
part.-f*  It  has  been  ascertained,  however,  that  seeds 
will  germinate  even  in  an  atmosphere  of  pore 
oxygene,  though  not  so  readily  as  when  presented 
in  a  state  of  mixture  or  combination  with  other 
gases.  It  cannot  indeed  be  necessary  that  the 
oxygene  consumed  in  germination  should  be  pre-^ 
sented  to  the  seed  in  an  uncombined  state ;  as  ia 
obvious  from  the  natural  agency  of  the  atmospheric 
ain  as  well  as  irom  direct  experiment,  Humboldt 
found  that  the  process  ci  germination  is  accelerated 
by  means  of  previously  steeping  the  seed  in  water 
impregnated  with  oxymuriatic  acid.^  Cress-seed 
treated  in  this  manner  germinated  in  the  space  of 
three  hours,  though  its  ordinary  period  of  germi* 
nation  is  not  less  than  thirty*two  hours.  The  ex* 
periment  was  afterwards  repeated  by  Sanssure,  with 
a  similar  result ;  and  may  be  reguded  as  perfectly 
correct  Thus  it  is  known  that  this  acid  parts  very 
readily  with  its  oxygene.  The  cause,  then,  of  the 
rapid  germination  <^  the  Cress*seed  is  obvious ;  and 
the  proof  that  the  oxygene  does  not  require  to  be 

*  Sausture  sur  la  Veg. 

t  Mem.  sur  Plaflu.  de  I'Air,  Mick  Jovrn.  ISO]. 

t  JouriL  de  Phyt.  a^lTii.  p.  03. 
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presented  to  the  germinating  teed  in  an  uncom- 
bined  statei  inoontravertible. 

In  ail  caaea  of  geimination,  however,  Ae  pre^  And  aU 
aenoe  of  oiqrgene  n  neoeasaiy.  For  even  of  thoae  ^i^ 
aeeda  that  germinate  in  water,  the  germination  takes 
plaoe  only  in  eonaequence  of  the  oxygene  which  the 
water  eontaina  in  an  uncombined  state.  Saussnre 
introdnced  into  a  reoipient  placed  over  mercmy, 
a  quantity  of  boiling  water,  into  which,  when  it 
was  coded  down  to  a  proper  temperature,  he  in- 
troduced also  some  grains  of  Peas,  together  with 
a  few  seeds  of  Alisma  Plantago^  and  Polygonum 
mmphiHum.  They  exhibited  no. symptoms  of  ger* 
mination  when  tte  quanti^  of  water  introduced 
was  not  more  than  seven  or  eight  times  the  weight 
of  the  grains.  But  when  the  weight  of  the  water 
was  an  hundred  or  two  hundred  times  more  than 
that  of  the  grains,  they  then  germinated ;  and  the 
radicle  was  developed  in  proportion  to  the  quantity 
of  water  employed.  The  solution  of  the  pheno« 
menon  is  aa  follows  :*--4he  boiling  had  not  yet  de^ 
prived  the  water  of  the  whole  of  the  oxygene  it 
had  originally  conteined  in  an  uncombined  state  ; 
and  it  required  but  to  be  presented  in  sufficient 
abundance  to  efiect  the  germination  of  the  seed.* 

But  the  peiiod  necessary  to  complete  the  pro-  Period  of 
cess  of  germination  is  not  the  same  in  all  seeds,  ^T'"^ 
even  when  all  the  necessary  conditions  have  been 
furnished.      Some  species  require  a  shorter,  and 
*  SattMure,  pur  la  Veg.  clmp.  i.  sect.  i. 
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Others  a  loDget  pariod.  TIm  Onuises  ait  anon^ 
the  number  of  those  plants  whose  seeds  are  of  the 
most  mpid  fenninaiioii ;  then  perhaps  criicifiDl-in 
plants)  then  leguoiinoiN  plants  $  then  labiate 
]dants$  theo  umbelliferous  phnta;  and  In  tha 
hst  order  rosaceous  plants^  whose  seeds  germinate 
the  slowest.  The  following  table  indicates  the  pe^ 
nods  of  the.geitainatioA  of  a  considerable  venety 
of  seeds  as  observed  by  Adanspn.^ 


Days. 
WhesLt,  Millet  seed. ...    1 
Sptnnge,BeftnB,  Ma«tan!  S 
Lenacf>Atiitt«ted....  4 
Melon>    Cu^nber, 

Cres8-see4. 
Radish,   Beet-root ....    6 
Barley \.   7 


} 


Days. 

Orachc S 

PdttlAiti 9  •    ' 

Oabbagtt  ...% ^lO 

Hy«sop.*.,..»:,  .f  ....SO 
Parsley.  .  .4 . . . . « • . «.  4tOor50 
Almond^Qiesnut,  Peach  1  yefir 
Rose,  Hawthorn,  Filbfert  2  yrs. 


SECTION  II. 

Physical  Phenamtna*  .  . 

Wh£S  a  seed  is  committed  to  the  soil  under  the 
conditions  that  have  been  Just  specified^  it  begins^ 
for  the  most  part^  soon  after  to  inhale  or  imbibe 
air  and  moisture^  and  to  expand  and  augment  in 
volume.  This  is  uniformly  the  first  symptom  of 
incipient  germination,  though  not  always  an  in- 
fellible  symptom  ;  because  the  seed  may  swell  with 

*  Fain,  deg  Plant,  torn,  i. 
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iMrdf  lipr  Mng  nabok  in!i¥iitn^  fliotigli 
the  vital  principle  should  ht  t&tMf  extixicL  ffiit  Evolution 
tbe  finst  iilfiiUiMe  aymjitom  of  gtrmiiwliob  is.td  be  dicie,^  "* 
deikioed  irbm  the  piolongatiott  of  the  radicle  :fai^ 
ymid  the  extent  to  which  it  woald  attain  nvrely 
in  caiiseqbeiick  of  fidbkiilg.  In  thb  latter  cate  thb 
ali^totation  of  the  radicle  is  liolited  1>y  tfae 
bxteiit  and  capacitjr  of  its  tevdk>peB^  or  by  the 
quantity  of  moistorb  nece^ary  to  its  satuhitiAn ; 
or  by  causes  iddnoing  ineijleent  puti^eftction.  Oiiit 
in  the  fiirmier  case  itb  augmentation  is  eircumscribed 
by  no  such  limits:  for  it  hot  only  aasuitics  a 
ew(4n  and  distended  appebranoe  in  coniequencMs  c^ 
thfe  absorption  of  moisture ;  but  Itcquifes  An  odd^ 
tionbl  add  progressive  incnease  in  the  ootual  assi- 
milation of  nutnneiit)  borsting  thhrngh  its  poper 
iirtegiiartlitS)  and  directing  its  extremity  down^ 
^httds  intntfae  soil.  (PL  IX.  Fig.  l  and  a.) 

Hie  next  step  iii  the  process  of  germination  is  Of  the  oo- 
the  evirfotion  of  the  cotyledon  or  cotyledons,  unless  ^^^^^^' 
thb  seed  is  altogether  aootyledonous^  or  the  coty- 
ledems  hypogean.  (Pi.  IX.  Pig.  2.) 

Tde  next  step^  in  die  case  of  seeds  furnished  or  the 
tHUh  «otyieJtetfs,  is  that  of  the  extrication  of  the  P^**"*^**^ 
pititnftlet,  or  fitst  real  leaf^  from  within  or  from 
tittWMn  the  cotyledon  or  cotyledons,  and  its  ex* 
|»ali«fM  in  die  open  air.  (Pi.  IX.  Fig.  S  and  4.) 

iThe  last  and  concluding  step  is  the  developement  And  stemv 
of  thfc  ftrdittients  of  a  stem,  it  the  species  is  fur- 
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nished  widi  a  Btem,  and  the  plant  is  complete. 
(PL  IX.  Bg.  3  and  4.) 

The  above  general  remarks  are  founded  on  -the 
evidence  of  the  following  particular  observations. 
In  a  season  the  most  favourable   to  vegetation^ 
Malpighi  sowed  some  seeds  of  the  Gourd.    At  the 
end  ef  the  first  day  the  seeds  were  considerably 
swoln,  and  the  envelopes  so  much  moistened  that 
a  fluid  oozed  out  of  them  when  pressed  with  the 
finger.    A  hole  was  also  discoverable  in  the  enve* 
lopes  at  the  summit  of  the  seed^  through  which  the 
moisture  seemed  to  be  conveyed  to  the  cotyledons, 
that  had  already  begun  to  assume  the  form  of  ae«- 
minal  leaves.    At  the  end  of  the  second  day  the 
interior  membrane  seemed  to  be  somewhat  torn, 
and  the  plantiet  somewhat  extended^  exhibiting  on 
a  transverse  section  taken  about  the  middle,  longi- 
tudinal fibres  and  tracbes,  as  well  as  utricles,  bark, 
and  pith.    The  radicle  was  also  distinctly  visible. 
At  the  end  of  the  third  day  the  exterior  membrane 
had  become  brownish,  and  its  utricles  more  dis«- 
tei^ded ;    the   radicle  had   burst  its   integuments; 
and  the  plumelet  had  begun  to  expand.    At  the 
end  of  the  fourth  day  the  plantiet  had  perceptibly 
augmented  in  size.     The  radicle  was  covered  with 
protuberances  from  which  the  lateral  branches  were 
to  issue ;  and  the  interior  envelope  was  somewhat 
shrivelled,  but  still  covering  the  seminal  and  other 
leaves,  in  which  the  nerves  were  now  perc^itible. 


At  tb^  ead  of  the  sixtfi  day  -the  leavw  ^  tUd 
plumelet  bid  eacaped  from  the  seed,  tboiigb:  still 
Gcmtfiined  within  the  cotyledons^  bekig  softiMM 
pMoeptijMyicoifeied  with  hairs.  At  the  end  off  HiM 
ninthfday  the/pbiitiet  had  wholly  escaped ^m>i(V 
integuments^  though  the  plumelet  was  still  enTe> 
loped  in  the  semi  rial .  leaves,  yellowish  in  its*  ap- 
pearance} but  gradually  assuming  a  tinge  of  gteenl 
At  length  its  extrication  was  eflfected,  and  the  ra» 
dicle  converted  into  a  root,  and  the  rudiments  of 
a  stem  developed;  and  on  the  twentieth  day  tb^ 
plant  was  complete.^ 

In  the  Gourse  of  the  summer  LedermuUer  sowed 
some  grains  of  Rye  in  a  good  soil.  At  the  end  cS 
an  hour  the  emtiryo  was  perceptibly  swollen,  and  a 
protuberance  distinguishable  from  which  the  radicks 
was  to  issue.  At  the  end  of  the  second  hour  the 
rad^e  was  discernible.  At  the  end  of  twenty^ 
four  hours  the  embryo  had  escaped  from  its  intej* 
guments.  Ori.the  second  day  the  fibres  of.  the 
root  bad  augmented,  blit  the  leaves  had  not  ap^ 
peared.  On  the  fourth  day  the  first  leaf  (which 
means,  as  I  should  think,  the  cotyledonous  sheath 
of  Gsertner)  began  to  appear  above  ground;  its 
i^olour  was  red.  On  the  fifth  day  it  had  grown  to' 
the  length  of  an  inch,  and  its  colour  was  now  green ; 
and  on  the  sixth  day  the  second  leaf  appeared. 

In  both  of  the  above  cases  the  first  visible  efleet 
was  the  swelling  of  the  seed  in  consequence  of  the 
*  Antt.  Plant.  Pars  altera. 

VOL.  II-  C 


^baolpdom  ^  motstmc  Bat  it  v^is  mC  yM  pre* 
tifriy  Mocfttakicil  hy  ^Amt  piuderiar  wedhim  the 
iMbtttw  had  ^iktsni;;  whether  by  the  wheie<«Cttie 
iriRfiite  tof  the  envtiopes^or  oiityi)y«|»iti««h^ 
The  hitter  fpsft  of  the  ^tibmMft  m^  eMti  reti^ 
dered  the  most  prabeble. 

Mr.  Gleichen,  haTiog  vteeped  Boaie  peas  ifi  i«^ter 
ibr  the  Bpaee  of  twenty-fotrr  hoorB,  ob«eiYed  lliftt 
«4eB  tbcgr  were  prenod  between  the  fingers  tiie 
Water  mled  from  the  smr.    It  seemed  therefore 
hfely  that  it  hod  else  entered  hy  Hie  scsr,  tmd  in 
order  to  ascertain  the  fact  he  covered  the  sear  ef  ^a 
few  eeedi  with  wtuc,  end  then  put  them  in  water. 
Bdt  the  result  waa  that  they  did  not  abseib  eo 
miioh  moietmre  in  se^eml  days,  se  they  had  ah* 
eeited  without  the  ^nsmish  in  ao  many  hours^    He 
ohseiied  also  that  peaa  with  the  scar  varnished  did 
Bdt  geminate.    It  ftUowed  ther^>re  that  water 
peB«tntles  the  seed  ^iefly  by  the  scar.    A  slight 
sl^ree  of  deubt,  however^  eeema  to  have  been  at« 
taehed  to  this  oonclaeion  in  'Oonseqnence  of  some 
dapentneotiB  •of  Senebier,  who  in  repeating  those 
df  €Heidien  found  <hat  seeds  did  not  refhse  te 
garsiinstey  even  when  the  scar  was  luted.    But  as 
he  adniowledges  4it  Ae  same  time  that  he  was 
net  ^ite^oertain  whether  hia  lute  was  watar-tight, 
it  is  ie  he  fveauided  that  Gleiehen'a  experimetf ts 
weie  eOfraoL 

The  moiatare  then  neoesaaMy  to  gcMmitidn  pe- 
netrates the  seed  chi^y  by  the  soar;  but  partly 
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•Ifla,  «o  douH  by  the  foramen^  where  it  eiuslSy  nd 
partly  by  the  suriaoe  of  the  envelopes. 

Bet  how  it  the  oioisture,  whieh  is  absorbed  at 
the  aeaf'  or  othenvise,  transmitted  to  the  plandct, 
the  radkle  of  which  e&hibits  the  first  certain 
symptoms  of  germination  ?  Does  it  eftter  the  jrfant^^ 
let  hntnediildy^  or  is  it  conveyed  to  it  through 
Ac  medium  of  some  particular  channel  ?  It  was 
early  suspected  that  the  moisture  destined  to  give 
developement  to  the  plantkt  first  passes  through 
the  medium  of  the  cotyledons.  This  opinion  was 
foimded  upon  the  apparent  adaptation  of  the  co» 
tykdoBs  for  the  purpose  both  of  aihsorbmg  and 
transmitting  moisture^  in  consequence  of  their  soft 
imd  fleshy  texture,  and  of  the  vessels  dispersed 
throughout  their  substance,  which,  after  uniting  at 
last  into  <me  bundle^  are  incorporated  into  the  wry 
body  of  the  plantlet,  and  are  by  Gtew  regarded 
as  the  seminal  rooL'*^  They  are  sometimes  visible 
even  before  germination  has  taken  {dace ;  but  par- 
tictthriy  after  it  has  made  some  progress.  On  th^ 
surface  of  the  transverse  section  of  the  lobes  of  the 
Bean,  after  it  has  been  well  soaked  iti  water,  or 
after  its  germination  has  been  begun,  they  appear 
in  tiie  form  of  small  spots  or  specks ;  and  on  th« 
surfrce  of  the  longitudinal  section,  or  even  on  the 
mrtmral  and  inber  surface  of  the  lobes,  idbeir  va* 
rioua  ramifleations  may,  be  traced,  fbwer  as  ^ey 
approach  their  point  of  union  with  the  radicle,  and 
*  .Aoat..sl  Pknts,  book  i.  foot.  24. 
C  2 
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branching  out  into  minuter  divisions  as  they  recede 
firom  it 
lipaiKs        But  it  remained  to  be  proved  by  experiment  that 
the  co^le-  the  above  are  the  vessels  through  which  moisture 
^^       is  conveyed  to  the  plantlet.     It  was  thought  that 
the  fact  might  be  ascertained  by  means  of  moisten- 
ing the  germinating  seed  with  a  coloured  fluids 
which  was  accordingly  done  by  Gleichen,  Bonnet, 
and  Senebier>  who  found  as  the  result  of  their  re- 
spective experiments,  that  the  fluid  had  tinged  the 
vessels  of  the  lobes.*     Hiis  was  a  presumptive 
endence  of  their  use,  but  was  not  quite  decisive; 
for  it  was  still  possible  that  the  fluid  might  have 
entered  by  the  radicle,  and  then  passed  into  the 
lobes*    But  when  Bonnet  moistened  only  part  of 
the  cotyledons  with  a  coloured  fluid,  he  found  the 
plantlet  tinged  also.     The  fact  seemed  now  satis- 
factorily ascertained;   but  other  expedients  were 
also  adopted  with  a  view  to  prove  or  confirm  it. 
The  cotyledons  were  cut  off  altogether,  and  the 
plantlet  thus  committed  to  the  soiL    This  experi* 
ment  had  been  made  indeed  by  Malpighi  at  a  much 
earlier  period,  though  not  with  the  same  view.^ 
But  the  result  was  the  same  in  both  cases.     The 
plant  perished,  under  the  experiment.     It  perished 
even  when  the  cotyledons  were  cut  off  after  ger- 
mination had  made  some  progress  ;  or  if  it  did  not 
absolutely  perish  it  remained  stunted  and  dwarfish. 

*  Seneb.  Phys.  Veg.  vol.  iii.  p.  363, 
i  Anat,  Plant.  Pars  altera,  p.  18. 
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Bul  it  had  been  also  observed  that  seeds  tvhich 
have  lost  their  cotyledons  by  means  of  the  depre- 
dations a[  insectSi  do  not  germinate ;  and  that  ve- 
getation also  ceases  if  the  plant  is  too  soon  deprived 
of  its  cotyledons  or  seminal  leaves^  even  after  th?  ' 
radicle  has  become  a  perfect  root.*  It  .fidfows 
therefore  that  the  nutriment  necessary- (b  the  de-  i 

velopement  of  the  plantkt  either^-iJriginally  exis(» 
in>  or  intermediately'  passes'  through^  the  coty- 
ledons. '^ 

But  if  the  nutriment  destined  to  the  support  of  First  to 
the  plantlet  passes  through  the  cotyledons,  to  what  ^'^  ^ 
part  of  the  plantlet  is  it  first  conveyed  ?  This  is 
to  be  ascertained,  by  tracing  the  fibres  dispersed 
throughoat  the  lobeS)  to  their  point  of  union  and 
<  junction  with  the  plantlet^  which  according  to  the 
most  accurate  dissection  is  the  upper  extremity  of 
the  radicle.'f'  The  nutriment  therefore  destined 
to  the  support  of  the  plantlet  first  enters  the  radicle, 
and  is  afterwards  conducted  to  the  plumelet.  EUer^ 
indeed,  has  maintained  that  there  are  vessels  in  the 
^eed  passing  immediately  from  the  cotyledons  to 
the  plumelet.  But  later  anatomists  have  not  been 
able  to  discover  them.  Even  the  patient  and  iup 
defatigable  Hedwig  could  find  no  traces  of  any 
such  vessels.  It  is  to  be  presumed  dierefore  that 
they  do  not  exist.  But  a  still  stronger  ground  of 
presumpticm  is  tiiat,  ita  the  phenomena  of  the  gei^ 

*  Scncb.  Phys.  Veg.  p.  373. 

t  Crew's  Anat.  of  Plants,  book.  i.  lecl.  23, 
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jnination  of  the  sccd^  the  nbdide  is  always  un- 
folded the  first,  and  the  plumelet  only  in  a  sub- 
leqaent  stage  of  the  process.*     It  loUowt  therefore 
that  the  plumelet  derirea  its  nourishnaent  from  the 
xadicle,  as  the  radicle  from  the  cotyfedons* 
Which         But  this  is  by  no  ineana  the  meet  singidir  cir^ 
by  descent,  cumstance  relative  to'  the  developement  of  the  parts 
in  question.    The  constant  and  uneriiag  nnifermity 
with  which  the  radicle  and  plumelet  respeetively 
exert  themselves  to  gain  the  position  and  situation 
best  suited  to  the  fttture   devel<^meht  of  their 
parts^  is  a  f^enomenon  exhifaitiiig  more  that   is 
calculated   to  excite   the  admiration  of  the  pby- 
tologist. 
Invinci-        If  a  seed  or  nut  of  any  kind  ia  placed  in  the 
proper  soil,  with  the  apex  of  the  radicle  pdinting 
downwards^  the  radicle  as  it  elongates  will  descend 
in  a  perpendicular  direction,  and  fix  itself  in  the 
earth  ;  and  the  plumelet  issuing  from  the  opposite 
extremity  of  the  seed,  will  assume  a  vertical  di*- 
rection  and  ascend  into  the  air.    This  is  the  natural 
order  of  the  developement  of  the  seminal  genoae ; 
and  from  the    relattve  situation  of  its  respective 
parts,  the  mode  of  its  developement  does  not  seem 
to  be  at  all  surprising.    But  the  circumstance  ex- 
citing our  surprise  is  that  the  radicle  and  plumelet 
will  still  continue  to  e&ct  their  developeosent  in 
the  same  manner,  however  differently  tbe  seed  may 
have  been  deposited  in    the  soil :    for  if  its  posi- 
*  Grew*s  Auat*  of  Plants,  book  i.  Met.  37* 
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MRtedf  M  9ft  tb%l  t^  ni^iekoi  shall  1^  9bpwap4 
thit  plMadft  beMi|th»  the  fbrmeii  wiU  t)^  Iw&d 
itself dwnk^ll  itget^abpld  <^  Ukb  8^1  a^^  tbfl 
IaMwwU)^  ifi;  liko  wm^eFji  Wwl  itsetf  ufKwaF^i^  till 
it  veaobn  ttm  wr.  And  nq  hi«»a^  an  has  ^v«f 
hMD  al^k  t9i  mako  U)eQ»  apsun^  contrary  Ak^fin 
tiaoB,  w  ta  Qoiiye]:4(  tjbia  o^e  int0  the  oth^^  ^a  *h^ 
not  and  hranoh  of  tb^  vcget^ti^g  plant;  may^  bf 
afiktwarda  qoovart^d*  Pia  Hami^*  irh^im  no.p^ft 
tologiat:  baa  anifmaad  ii».  tba  kpyantiQik  qf  ^igp^imtf 
ta  uwnadi  or  to  coi^trol  the  ^pavatiqos:  ^  tihe  iw^ 
getatiw  pvincipW  iMtitiiM:ad  a^  varbty  of  ^sig^ 
manta  with  a  i^w  lo  ^fi^ct  Him  qoiQiWVflfW^.  (m^ 
fittlod  in  them  aH<  He  fimti  ftlaoadl  m  aottm  W 
awaan  twa  wet  spangea  auvpendad  fio^na  the  ^m^f^ 
of  hia  rMHi,  so  aa  thaA  ^  mdiclq  wa«  «PPM«Q«(^ 
and  the  plumakt  vnibrnimt^  Tho  aesuU  hmwcrar 
was  that  the  radicte  afWi?  hwnting  ita  iotegniMnlto 
aasumed  a  dovnwavd  diret^oo,  and  ^e  phmahl 
in  its  totn  an  upward  diractiooi^  till  ea$h.  hfd 
gained  ita  natqral  pofiAoxy^  Ha  ^H  W%i  %  Ulibf 
with  eaathy  and  plantod  alao  aoi  aoora  im  it>  m  Ml 
invqrtad  potttiM.  But  the  radieW  and  plMnflllJt 
had  ne  aoonar  i»mped  kwi  tdhaia  awelopw  1km 
thej  began  to  aauieao  their  naturals  dirfo^cm  an 
beibi^.  Ha  then  SUfidi  another  teha  HRlh  WJttii 
of  a  diapietar  9a  small^  thait  aQ  aeofi^  Mlihfift  pbMA4 
in  it,  touched  the  sidna  of  the  tttbo.  ItwiaplaRtad 
in  its  natural  poiition^  aqd  sl^QWid  to  remain  so 
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till  the  radicle  appeared.  The  tube  was  dien*  in* 
verted  and  the  radicle  immediately  began  to  htnd 
itself  downwards.  The  tube  was  again  inverted, 
and  the  radicle  resumed  its  original  direction.* 
Hovac-<  Such  is  the  invincible  tendency  of  the  radicle 
fo°by  the  to  fix  itsdf  in  the  soil,  and  of  the  plumelet  to:  ea* 

SiTtoiL  ^P®  ^^*^  ^^^  ^^^*  ^^^  ^^  ^^^  tendency  to  be 
jp*^?  accounted  for  ?  A  great  many  conjectures  havie 
been  offered  in  reply  to  the  inquiry,  but  without 
having  done  much  to  elucidate  the  subject  Some 
have  attributed  the  phenomenon  to  the  excess  of 
the  specific  gravity  of  the  juices  of  the  radicle  be« 
yond  that  of  the  juices  of  the  plumelet,  which  in 
their  progress  upwards  were  supposed  to  be  reduced 
by  elaboration  to  a  light  vapour.  But  this  is  not 
known  to  be  the  fact,  or  rather  it  is  known  not  to 
be  the  fact,  and  consequently  forms  no  ground  of 
argument.  Others  have  attributed  it  to  the  re* 
spective  action  of  the  sun  and  earth ;  the  former 
attracting  the  leaves  and  stem,  and  the  latter  at- 
tracting the  root  But  it  happens  rather  linfortu* 
Ifiately  for  this  conjecture,  that  the  phenomenon  is 
exactly  the  same^  even  when  seeds  are  made  to  ger- 
Intnate  in  the  dark.  Du  Hamel  made  the  experi^ 
paent  in  a  dark  room ;  and  obtained  the  same  result 
as  in  the  light."  The  influence  of  the  sbn  was  thea 
transferred  to  that  of  the  air^  which  was  thought  to 
have  some  peculiar  attraction  for  the  plumelet, 
^hicb  the  earth  had  not.  But  the  attraction  of  tb^ 
*  Phys.  dcs  Arb.  liv,  ii,  chap,  in. 


win. 
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air  WM  jast  as  .Biysterious  as  (fhat  of  the  siiiMAtid 

the  sulyect  asi  much  in  want  of  duddation  as 

before* 

Dr.  Darwin  has,  however,  endeavoured  to  account  By  Dhw 

1 — 
for  the  phenomenon  chiefly  upon  the  principle  .now 

speciied.  Supposing  the  radicle  to  be  naturally 
stimulated  by  moisture,  and  the  cotyledons  and 
plumelet  by  air,  the  difficulty  is,  as  he  thkiks,  easily 
Sieved ;  each  being  thus .  elongated  in  the  directioo 
in  which  <it  is  most  excited.*  This  hypothesis  is 
no  d<mbt  sufficiently  ingenious ;  but  is  by  no  means 
to  be  regarded  as  a  satisfactory  solution  of  the  di£r 
ficnlty.  For  at  this  rate  all  wtyledons  ought  to  rise 
above  ground,  which  all  cotyledons  do  not*  And 
all  seeds  ought  to  germinate  either  in  th^  earth  or 
water;  though  many  of  them  will  germinate  in 
neither;  but  on  trunks  or  stumps  of  trees,  and 
even  on  the  surface  of  the  bare  and  flinty  rockr 
The  racticlo  ought  also  to  elcMigate  itself  in  a  ver* 
tical  direction,  if  it  could  be  but  lodged  in  the 
lower  surface  of  an  insulated  mass  of  mould,  so  as 
to  have  the  moisture  of  the  mass  and  grand  ex- 
citing cause  of  its  elongation  placed  above  it.  Now 
this  must  inevitfibly  have  happened  in  one  or  other 
of  Du  HameVs  repeated  inversions,  and  yet  the 
result  was  always  the  same;,  the  mdicle  having* 
umformly  bent  itself  downwards  in  the  direction  of 
|be  f  uriiice  of  the  earth. 

*  Ply^tologia,  jsct,ix, 


^^         Mr.  Kmght  Iim  sko  more  reMMlj  atteippted  to 
accottiit  for  the  descent  of  the  mdicfe  iipo«  the  old 
but  revived  principle  of  gravitation ;  strengthened^ 
as  be  no  doubt  Ibinks,  by  ikie  rerah  of  the  follow, 
ing  experiments.    Beans  which  were  made  to  g«iw 
tninate,  after  being  &ftened  in  all  positions  to  the 
eircumlerence  of  an  «qwigbt  al»d  revolving  wheel, 
that  perferaied  150  revolutions  in  a  minute,  uni- 
formly  directed'  the    radicle    outwards  from    ^le 
centre,   and  the  pluttielet  inwards  to  (lie  eoAtna^ 
Beail^  that  were  so  fastened  to  a  borizoiital  and 
revolving  wheel,  protruded  tbetr  radicles  obliquely 
outwards  and    downwards ;    and    their  plummets 
obKquely  inwards  and  npwards.     These  efltets  Mr. 
Knight  regards  as  resulting  from  the  centrifogal 
influence  of  the  wheePs  motfoo  counteracting  that 
of  gravitation,  which  is  consequently  in  bis  opinion, 
in  the  natural  situation  of  the  seed,  the  cause  of 
the  radic)e*s  descent.*     But  if  gravitation  acts  so 
very  powerfully  upon  the  radicle,  why  will  it  not 
condescend  to  exert  its  mfiuence  upon  the  pkimelet 
also,  whicli,  if  not  so  heavy  as  the  radicle,  is  at 
least  speciflcally  heaver  than  atmospheric  air?    And 
why  does  it  make  an  exception  in  favour  even  of 
some  radicles.     The  radicle  of  the  seeds  of  the 
Missletoe,  though  adhering  merely  to  the  under 
surface  of  a  bough  and  originally  protruding  itsdf, 
as  it  must  sometimes  unquestionably  do,   in  the 
direction  of  the  earth's  sur&ce,  will  yet  in  oppo* 
*  Nidiol,  Journ^  voL  xir.  p.  410. 
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sitioa  to  ^  power  of  gravitatioD^  bend  itself  up* 
wwds  till  it  reaches  Ae  bough,  and  iotimiate  itself 
into  the  very  tabstance  of  the  bark  above  h  ?  Till 
these  questions  can  be  satisfactorily  answered  they 
aittst  be  regarded  as  presenting  an  insurmountable 
obstacle  to  the  adoption  of  Mr«  Knight's  hypothesis. 

If  I  were  to  olfer  a  conjecture  in  addition  to  the  Ascribed 
floiny  that  have  been  already  offered^  I  should  say  iWt  prin- 
that  the  inviociUe   tendency  of  the  radicle  to  6ti'''^^'^ 
itoelf  in  the  earth  or  other  proper  soil ;  and  of  the 
pluaaelet  to  ascend  i»lo  the  air,  arises  from  a  power 
inherent  in  the  vegetable  subject,  analogous  to  what 
we  call  instinct  in  the  animal  subject,  infiilliMy 
directing  it  to  the  situation  bes«  suited  to  the  ac- 
qsristtion  of  nutriment  and  consequent  develepe- 
ment  of  its  parts.     And  upon  this  hypothesis  we 
include  all  varieties  of  f^nts  whatever,  parasitical 
as  well  as  others ;  for  let  them  attach  themselves  to 
whatever  substance  they  will,  to  them  it  still  a£R>rds 
a  fit  and  proper  soil. 


SECTION  III. 
Chemical  Phenomena. 

The  chemical  phenomena  of  germination  con^  As  efiect- 
sist  chiefly  in  the  changes  that  are  eflbeted  in  the  cor^Mon. 
nutriment  desjtined  lor  the  auppott  and  devdope- 
oaent  of  the  embryo  till  it  ia  converted  into  a  plant. 
It  was  already  shown  that  thi^  nutriment  either 
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passes  through  the  cotyledons^  or  is  contained  in 
them  ;  because- the  embryo  dies  when  they  are  pre- 
maturely cut  off.  But  the  farinaceous  substance  of 
the  cotyledons,  at  least  in  exalbuminous  seeds,  is  a 
proof  that  they  themselves  contain  the  nutriment. 
Thej  are  to  be  regarded  therefore  as  repositories  of 
the  food  destined  for  the  support  of  the  embryo  in 
its  germinating  state.  And  if  the  seed  is  furnished 
with  a  distinct  and  separate  albumen,  then  is  the 
albumen  to  be  regarded  as  the  repository  of  food, 
and  the  cotyledon  or  cotyledons  as  its  channel  of 
conveyance.  But  the  food  thus  contained  in  the 
albumen  or  cotyledons  is  not  yet  fitted  for  the 
immediate  nourishment  of  the  embryo.  Some  pre- 
vious preparation  is  necessary ;  some  change  must 
be  effected  in  its  properties.  And  this  change  is 
isffBCted  by  the  intervention  of  chemical  agency.  - 
i^^TStton  of  It  has  been  shown  in  the  foregoing  9^ion  that  a 
iiK>itttire.  seed  is  no  sooner  placed  in  the^Mnth  than  it  begins 
to  imbibe  moisture,^.  ^But  the  moisture  thus  im- 
bibed is4gAB!6(Rately  absorbed  by  the  cotyledons  or 
,.  albumen,  which  it  readily  penetrates,  and  on  which 
it  immediately  begins  to  operate  a  chemical  chsingei 
dissolving  part  of  their  farina,  or  mixing  with  their 
oily  particles  and  forming  a  sort  of  emulsive  juice; 
the  consequence  of  which  change  is  a  slight  degree 
of  fermentation,  induced,  perhaps,  by  the  mixture  of 
the  starch  and  gluten  of  the  cotyledons  in  the  water 
which  they  have  absorbed,  and  indicated  by  the 
extraction  of  a  quantity  of  car^nit  a^^id  gas  as  well 
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as  by  the  smell  and  ta^  of  the  seed.*  This  is  the 
commencement  cyf  the  process  of  germination^ 
which  takes  place  even  though  no  oxygene  gas  is 
preaent'f-  But  jf  no  oxygene  gas  is  present^  then 
the  process  stops ;  which  shows  that  the  agency  of 
oxygene  gas  is  indispensable  to  germination. 

Accordingly,  when  oxygene  gas  is  present  it  is  Of  lofaai- 
gradnally  inhaled  by  the  seed  ;  and  the  farina  of  the  gt^^ 
cotyledons  is  found  to  have  changed  its  savour. 
Sometimes  it  becomes  acid^;}:  but  generally  sweety 
resembling  the  taste  of  sugar ;  and  is  consequently 
converted  into  sugar  or  some  substance  analogous  to 
it.  This  is  a  further  proof  that  a  degree  of  fermen- 
tation has  been  induced ;  because  the  result  is  pre* 
cisely  tbe  sanie  in  the  process  of  the  fermentation  of 
Barley  when  converted  into  malt,  as  known  by  the 
name  of  the  saccharine  fermentation;  in  which 
oxygene  gas  is  absorbed,  heat  and  carbonic  acid 
evolved,  and  a  tendency  to  germination  indicated 
by  the  shooting  of  the  radicle.  The  effect  of 
oxygene  therefore  in  the  process  is  that  of  convert- 
ing the  farina  of  the  albumen  or  cotyledons  into  a 
mild  and  sacchnrine  food^  fit  for  the  nourishment  of 
the  infant  plant. 

But  in  what  manner  does  the  oxygene  operate, 
and  on  what  principles  of  the  seed  does  it  act? 
Does  it  act  merely  as  a  stimulant  to  principles  which 

♦  Sencb.  Phys.  Vog.  vol.  iii.  p.  408. 
t  Thomson's  Chemistry,  vol.  iv.  p.  37-*. 
{  Saassuw  sur  la  Vcget. 
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th^  seed  tlrettdjr  mnteinf ;  or^  doea  U  form  a  eom^ 
bintftien   with    the   wbstaaoe  of  the   seed^  and 
identifjr  ttpelf  with  tiie  gennkiatiog  emhryo?    Or, 
does  it  abstract  from  the  seed  any  parttcuter  princi* 
pie  of  its  composttiooy  and  so  effect  the  change  that 
follows  ?  The  avppositieKis  contaiiied  in  these  <)Qea* 
tions  hsve  each  had  tbrir  defendees  and  <^>poaefit8 ; 
thoagh  there  is  aow,  as  I  believe^  bdt  one  opiuoo 
OD  the  subject. 
According     Httmboldt  thought  that  the  oxygene  acts  meraly 
bo^u^'  M  A  stimulaiit ;  and  his  opinion  was  iouoded  upao 
the  fudt  that  seeds  genninate  fiistfr^  as  k  appeared^  in 
pttr«  oxygene  gas  than  in  comraoo  air ;  but  parttQn- 
larly  when  steeped  in  water  iflnpregoated  with  oXy^ 
mariatic  acid>  according  to  his  own  discovery.    But 
this  conciusioD^  tfaoi:^  aaficientiy  plausibfe  at  first 
sight,  is  by  no  means  stifficiaitly  warranted  by  the 
premises.     In  pursuit  of   ftets,  however,  to  esta« 
Idish  and    confinn  it,  Htimboldt    was    fortunate 
enough  to  stumble  u^n  discoveries  of  some  iiob* 
portance.     He  found  that  se^s  brought  both  from 
the  East  and  West  Indies,  which  had  constantly  re- 
fused   to  germinate  at  Vienna,   germinated  very 
readily  when  treated  with  oxymuriatic  acid,  evea 
after  having  been  kqit  for  a  period  of  fiY>m  twenty 
to    thirty    years,.     This    fact    seemed    extreinely 
iavonrable  to  his  opinion,  and  contributed  no  doubt 
to  give  it  a  considerable  currency  at  the  time,  which 
on  some  part  of  the  Continent  perhaps  it  still  re- 
tains, as  we  find  his  conclusion  to  have  been  adopts 
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cd,  and  his  language  ra-eohoed^  bj  Profenor  WtUi 
dcaow  <f  Berlin^  mthout  weeuumg  to  know  any 
tiling  of  the  facts  and  cxperimeots  bf  which  it  has 
been  dispraired.* 

NL  RoUb  was  of  opinion  that  the  oxygena  coiu  RoHo. 
anned  in  the  process  of  germination  is  in  part 
afaaoriied  by  the  gr^iOf  and  ossiniilated^  to  its  sab* 
stance ;  and  in  part  employed  along  with  the  caiboit 
of  the  seed  to  form  oarbonic  acid.  His  opinion 
WBs&ttnded  on  the  following  fact  wfaidi  he  had 
otsaarvad  m  watching  the  process  of  die  gervinaUoii 
of  some  grains  of  Barley  coufined  in  an  arliflciai 
niaauaphere>  When  the  seeds  wens  made  to  gerauU 
nafte  ia  pnre  cocygene  gas,  the  osygene  graduattf 
dtsappcaiad^and  Its  place  was  found  to  be  occupied  by 
mhonic  acid  gas.i(*  TbeaboiFe  coaefaMion  seeaaed 
ao  fattow  almost  necessarily  from  the  premises; 
Imt  m  the  phenoaaana  had  not  yet  been  sul^eeted 
ao  any  particular  analysis^  it  eouid  only  be  ngafded 
in  the  light  of  a  oonjectute. 

:  in  Ifais  stage  of  inquiiy  Saussure  the  younger,  SauMon 
harang  diaseted  his  attention  to  the  subject,  per-  youn^a; 
ceifed  that  the  only  aaeans  of  ascertaining  the  fact 
avaa  diat  of  comparing  the  i)uantity  of  oaygene  gaa 
consumed  with  the  <iuantity  entering  into  ihe  cun- 
•pasition  of  carbonic  acid  gas  'evolved  daring  the 
pnocen.  If  the  quantity  of  the  ^mer  praved  to 
be  fiMtor  than  that  <ff  the  latter,  it  was  to  he 

^  Trine,  of  Bot.  Engl.  Trani.  p.  257. 
t  'Anoal.  4tt  Chtm.  val.  <xicr.  p.  37' 
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inferred  that  a  portion  of  oxygene  gas  had  been 
actually  assimilated  to  the  substance  of  the  seed. 
But  if  the  two  quantities  proved  to  be  eottstantly 
equals  then  it  was  to  be  inferred  that  the  oxygene 
gas  had  not  been  assimilated  to  the  substance  of 
the  seed,  but  only  employed  for  the  purpose  of 
abstracting  fVom  it  part  of  its  carbon  in  the  fiNrma* 
tion  of  carbonic  acid  gas.* 

.  It  was  obvious  that  the  ascertaining  of  the  respec- 
tive quantities  must  have  given  much  elucidation  to 
the  sulyect ;  and  the  diflSculty  of  ascertaining  them 
seemied  not  to  be  great.  Lavoisier  had  discovered 
that  oxygene  in  combining  with  carbon  by  conbus* 
tion  undergoes  no  perceptible  alteration  of  volume, 
and  that  100  cubic  inches  of  carbonic  acid  gas  con* 
tain  98  cubic  inches  of  oxygene  gas.  But  the  result 
of  combination  from  germinating  seeds  must  be 
precisely  the  same  as  from  combustion ;  it  was 
easy  therefore  to  ascertain  the  quantity.of  oxygene 
extricated  along  with  the  carbonic  acid.  Accord* 
ingly  M.  Saussure  instituted  a  set  of  experiments 
to  ascertain  the  proportion  between  the  quantity 
of  oxygene  inhaled  and  the  quantity  evolved  in 
the  carbonic  acid.  The  grains  or  seeds  employed 
were  those  of  Peas^  Beans,  Barley,  Lettuce,  and 
Cress,  and  the  issue  was  as  follows:  In  an  at- 
mosphere of  100  cubic  inches  of  common  air, 
known  to  contain  about  21  cubic  inches  of  oxygene, 
and  7g  of  nitrogen,  when  a  number  of  these  seeda 
•  Sur.  la  Vegct.  chap.  i.  sect,  iu 


wore  made  to  geittinate,  i€  wa^  found  that  if  14 
cnbie  Hicb^s  of  carbonic  acid  gas  were  formed 
during  the  process,  seven  cubic  inches  of  oxygene 
gar  remained  tmcombined  in  the  atmosphere ;  and 
if  seven  cHbic  inches  of  carbon  acid  gas  were  formed 
during  the  process,  then  14  cubic  inches  of  oxygetid 
gas  remain^  uncombined  in  the  I'eceiver.  From 
which  it  followed,  undeniably,  that  the  quantity  of 
terbonfic  acid  gas  that  was  evolved  during  the  process 
of  gjertnination  was  precisely  equal  to  the  quantity  that 
had  been  absorbed  during  the  same  process.  There  Whose 
was  consequently  no  actual  fixation  of  oxygene  in  Snfirmel 
the  seed  ;  and  the  oxygene  it  had  inhaled  was  em' 
ployed  sokly  for  the  purpose  of  diminishing  the 
quantity  of  its  carbon.  The  change  then  effected 
in  the  farina  of  the  albumen  or  cotyledons,  by  which 
it  is  converted  into  a  nutriment  fit  for  the  infant 
plant,  consists  in  diminishing  the  proportion  of  its 
carbon^  and  in  augmenting,  by  consequence,  that  of 
its  oxygene  and  hydrogene  principles  which  the 
seed  is  also  known  to  possess.* 

it  had  b^ii  ascertained  that  deeds  may  be  made  Germina* 
to  germinate  in  an  atmosphere  of  pure  oxygene  gas  j  pnrewy* 
and  from  the  experiments  of  M.  Humboldt  it  ap-  8'*^ 
peiared  that  their  germination  is  thus  sooner  eflected 
than  in  an  atmosphere  of  common  air.  But  Saussure^ 
in  repeating  some  comparative  experiments  on  this 
subject,  did  not  find  any  diflference  in  the  respective 
periods  of  germination.     The  only  perceptible  dif- 
*  Saussuresur  la  Vegetation,  ch;^p.  i,  sect.  iii. 
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ference  was  in  the  comparative  lengths  of  the  radi- 
cles I  the  radicles  of  such  as  had  been  made  to 
germinate  in  pure  oxygene  gas  having  made  less 
progress  in  the  same   period  of   time  than  the 
radicles  of  such  as  had  been  made  to  germinate  in 
atmospheric  air. 
Appliea-       This  may  be  accounted  for  in  twro  ways;    the 
ulok^  oxygene  in  its  pure  state  might  have  abstracted  too 
detrimcn.  gj^j  ^  quantity  of  carbon  from  the  seed;  or  the 
carbonic  gas  evolved  in  too  great  abundance  might 
have  been  prejudicial  to  the  developement  of  the 
infant  plant.     For  it  has  been  found  that  carbonic 
acid  gas  is  not  useful  to  vegetables  in  general^  ex- 
cept in  proportion  as  they  can  decompose  it ;  and 
seeds  before  the  developement  of  the  plumelet  do 
not  seem  capable  of  effecting  that  decomposil;ion  ; 
and  in  short  it  seems  that  the  application  of  car- 
bonic acid,  in  almost  any  proportion,  retards  rather 
than  accelerates  the  commencement  of  germinal- 
tion.* 
Dow  of        It  was  further  remarked,  by  Saussure,  that  dif- 
mwmirf.  fcrent  species  of  seeds  require  different  doses  of 
oxygene  to  excite  germination.     The  quantity  con- 
~    sumed  by  the  seeds  of  Beans  and  Lettuce^  before 
the  commencement  of  germination,  seemed  to  be 
equal,  and  was  estimated  at  the  lOOdth  part  of  their 
weight.  But  the  quantity  consumed  before  that  period 
by  grains  of  Wheat,  Barley,  and  Purslain,  which 
seemed  also  to  be  equal,  was  only  about  the  lOOOdth 
*  Saussure  sur  la  VegetatioD,  chap.  i.  sect.  iii. 
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part  of  their  weight.  The  carbon  lost  at  the  same 
time  is  only  about  the  one  third  part  of  these  quanti- 
ties ;  and  the  oxygene  gas  consumed  is  in  proportion 
to  the  weight  of  the  seeds^  not  in  proportion  to  their 
size  or  number. 

But  it  has  been  said  that  seeds  will  germinate  Experi- 
even   in  mediums  deprived  of  oxygene ;  and  the  mediumt 
germination  of  seeds  placed  in  water^  or  in  the  va-  of  ozy- 
cuum  of  an  air  pump,  has  been  adduced  as  a  proof.  S«"^- 
It  is  plain,  however,  from  the  experiments  already 
related,  that  the  germination  of  the  seeds  so  situated 
was  eflfected  merely  in  consequence  of  the  uncom- 
bined  oxygene  yet  remaining  in  the  water,  or  of 
the  oxygene  remaining  in  the  receiver  that  was  not 
yet  completely  exhausted.     These  alleged  proofe 
therefore  are  of  no  value.    But  Huber  and  Senebier 
give  an  account  of  experiments  in  which  grains  are 
said  to   have  germinated  in   atmospheres  even  of 
^  pure  nitrogene  and  hydrogene  gas.*     Carbonic  ficid 
gas  was  also  evolved  during  the  process  as  in  .other 
cases  of  germination ;  and  it  was  asked,  whence  is 
the  oxygene  derived  necessary  to  the  formation  of 
the  carbonic  acid  ?  Senebier  accounts  for  it  upon  the 
principles  of  the  decomposition  of  the  water  con- 
tained in  the  seed ;  which  he  seems  to  be  extremely 
anxious  to  establish.     But  Saussure,   who  being  Unsuo 
somewhat  sceptical  on  the  subject  was  induced  to  ^^^"' 
repeat  the  experiments  that  had  given  the  above 
result^  or  to  institute  others  of  a  similar  nature,  has 

.•  Senebier,  Phys.  Vcget.  vol.  iiJ.  p.  388. 
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proved  in  ttie  most  satisfactory  manner  that   no 
seeds  will  germinate  in  an  atmosphere  of  pure  nitro- 
gene  or  hydrogene  gas  ;  and  that  the  teemittg  ex- 
ceptions to  the  rule  may  be  ali  accounted  for  from 
the  action  of  the  uncombined  oxygene  contained  in 
the  water  in  which  the  seed  had  been  pfeced  or 
previously  steeped.     For  so  (ttr  are  seeds  from  ger- 
minating in  an  atmosphere  of  nitrogene  gas  that« 
even  after  germination  has  been    begun  and  the 
radicle  developed,  they  will  die  if  put  into  it,  at 
least  unless  the  leaves  of  the  plantlet  have  been 
developed  also.     The  seeds  of  Peas,  Watetx<:res9, 
and  of  Polygonum  amphibium^  when  put  into  an 
atmosphere  of  nitrogene  gas  in  this  stata,  all  died 
without  any  forther  developement  of  parta*"*^   Seeds 
immersed  in  water  do  indeed  evotve  a  portion  of 
carbonic  acid,  of  carburetted  hydrogene^  and  of  nitro- 
gene.   But  these  are  elements  which  separate  from 
the  substance  of  the  seed  during  fermentation,  and 
are  obseiTed  only  when  it  is  found  to  be  in  a  state 
of  putrefaction.      If  seeds  are  placed  in  a  small 
quantity  of  water  and  confined  in  hydrogene  gas, 
the  volume  of   their  atmosphere    is  considerably 
diminished,  and  the  remainder  is  carbonic  oxide. 
But  this  also  is  the  effect  of  putrefaction.    The  car* 
bonic  acid  which  they  form  of  their  own  substance 
is  decomposed  by  the  hydrogene  with  the  assistance 
of  the  caloric  disengaged  in  fermentation.     Water 
is  thus  formed,  and  the  carbonic  acid,  deprived  of 
*  Saussure  sur  la  Vegetation,  chap.  \i.  sect.  i. 
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part  of  its  oxjrgene,  is  converted  into  oarbonfe 
oxicle.^  The  phenomena  therefore  obKffvcd  bj 
Huber  and  Senebier  were  not  the  result  of  germinar 
tiotiy  but  of  putfefiu2tioD ;  and  there  is  no  proof  of 
the  decomposition  of  the  water  contained  in  the 
seed  during  the  progress  of  germination,  because 
there  is  no  bjrdrogene  or  oxygene  evolved  during 
thai  psDcess. 

There  were  odier  grounds^  however,  on  whiok  Depc^po- 
the  decomposition  of  water  was  supposed  to  be  ef-  wa^.^ 
fected  during  tbe  germination  oF  the  seed.  M.  RoHo 
had  observed  that  many  seeds  during  tbe  process 
of  germination  are  converted  from  a  mucilage  into 
a  sort  of  sugar ;  but  finding  that  this  eifect  never  took 
place  in  mediums  deprived  of  oxygene^  and  knowing 
that  sugar  contains  more  oxygene  than  mucilage, 
he  concluded  that  oxygene  was  in  this  case  either 
abstracted  from  tbe  atmoqphere,  or  obtained  from 
the  decomposition  of  the  water  with  whidi  the  seed 
was  sucpounded.  It  could  not  be  abstracted  from 
the  atSBOsphera  of  the  sred^  because  the  qnaatity  of 
oxygene  in  tbe  atmosphere  of  the  germinating  seed 
remains  tbe  same ;  it  was  therefore  of  necessity 
obtained  freia  the  decomposition  of  water  widi 
which  the  seed  was  surrounded.^ 

But  tbe  same  efiect  wiU  follow  if  we  suppose,  DoabtftO. 
with  Saussure^  that  tbe  carbon  of  the  seed  is  dim»* 

*  Saussiire  sur  la  Vegetation,  chap.  vi/sect.iv« 
t  Anna),  de  Chim.  vol.  xxv.  p.  44. 
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nisbed ;  which  will  also  agree  better  with  the  actual 
pbeaomena  of  germination.  It  must  be  confessed, 
however,  that  this  explanatimi  is  still  liable  to  some 
objection ;  because  it  has  been  found  that  any  given 
weight  of  seeds  dried  after  germination  contain 
tnore  carbon  than  the  same  weight  of  seeds  dried 
before  germination.  But.  by  the  indefatigable  in- 
dustry and  profound  investigations  of  M.  Saussure, 
this  objection  has  been  obviated  also. 

If  a- seed  of  any  kind  whatever,  dried  as  much 
as  possible,  is  weighed  and  made  to  germinate  by 
the  aid  of  water  in  a  close  vessel,  and  if  after  ger- 
mination it  is  taken  and  dried  again,  it  will  be  found 
to  have  lost  in  weight  even  beyond  the  allowance 
for  carbon  which  it  must  have  lost,  and  mucil^e 
which  it  may  have  lost,  during  the  process.  This  is 
the  fact  according  to  the  repeated  experiments  of 
Saussure.*  To  what  cause  is  it  to  be  attributed  ? 
Saussure  attributes  it  to  a  diminishing  of  the  water 
formerly  existing  in  the  seed  in  a  fixed  state. 
Disproved.  A  quantity  of  Peas  which  had  been  gathered  for 
some  years,  and  placed  for  some  weeks  in  a  stove 
heated  to  20^  of  Reaumur,  were  found  to  weigh 
200  grains.  They  were  then  made  to  germinate  in 
a  large  vessel  placed  over  mercury,  containing  about 
five  times  their  weight  of  water  with  an  atmosphere 
of  common  air.  When  the  process  of  germination  was 
completed,  4*5  cubic  inches  of  carbonic  acid  gas  were 
found  to  have  been  formed  in  the  receiver,  which,  ac« 
♦  Sur.  la  Vcg.  chap.  i.  sect.  iii. 
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cording  to  the  calculation  of  Lavoisier^  contain  0*85 
parts  of  a  grain  of  carbon.  The  water  which  was 
now  evaporated^  left  as  a  residue  075  parts  of  a 
graiu  of  mudlage  and  extract ;  and  the  seeds,  which 
were  again  dried,  evolved  during  the  process  a 
quantity  of  carbon  in  the  form  of  carbonic  acid 
very  nearly  equal  to  the  quantity  lost  in  germinar 
tion.  The  seeds  therefore  ought  to  have  weighed 
400  -  0-85  +  2  -  075  =  197-6  grains  ;  but  their 
actual  weight  was  only  I89  grains.  Now  besides 
the  principles  already  mentioned  they  could  have 
lost  only  water,  and  their  loss  in  that  respect 
amounted  to  8*5  grains.  It  remained,  however,  to 
be  determined  whether  the  loss  viras  occasioned  by 
means  of  the  process  of  fermentation,  or  by  that  of 
the  drying  of  the  seeds ;  and  the  result  of  the  in- 
quiry was  that  it  vras  occasioned  by  the  latter :  be- 
cause when  the  process  of  v^etation  was  allowed 
to  proceed  to  double,  or  even  triple  the  time,  the 
loss  of  weight  remained  the  same ;  but  when  the 
]ibriod  of  drying  was  prolonged  the  loss  of  weight 
was  more  considerable. 

Seeds,  then,  during  the  process  of  drying  after 
germination,  lose  under  the  modification  of  water 
part  of  their  oxygene  and  hydrogene,  which  in  ef* 
feet  augments  the  proportion  of  their  carbon.  It 
follows  therefore  of  necessity,  that  any  given  weight 
of  seeds  dried  after  germination  contains  more  car- 
bon than  the  same  weight  of  seeds  dried  before 
germination.    But  the  direct  agency  of  oxygene  \% 
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rttU  the  same  both  in  germinaticm  and  putrefaetiom 
rr-namely,  the  abstraction  of  carbon.  The  resirfts 
'  are  indeed  different.  But  their  diftrence  it  easily 
accounted  for ;  because  in  the  latter  case  the  seed 
Joses  a  considerable  quantity  of  water,  or  of  hydro- 
gene  and  oxygene^  which  in  the  former  case  it 
•retains  ;  and  hence  the  proportion  of  its  carbon  is 
i)f  necessity  augmented. 

Sjuoh  are  the  phenomena,  physical  or  chemical^ 
observable  in  the  germination  of  the  seed ;  air  and 
moisture  are  absorbed  from  the  soil  or  atmosphere 
hy  the  scat^  foramen,  or  envelopes.  Their  agency  is 
immediately  exerted  on  the  ferina  of  the  albumen 
or  cotyledons ;  and  a  food  is  thus  pr^ared  for  tlie 
fK>urishment  of  the  tender  embryo,   to  which   it 
^sses  tbrcmgh  the  medium  of  tiie  vessek  of  the 
cotyledons,  or,  as  tbey  have  been  also  denominated, 
the  seminal  root.     The  radicle  gives  the  first  indi- 
cations of  life,  expanding  and  bursting  its  integu- 
ments, and  at  leng^  fixing  itself  in  the  soil :   the 
plumelet  next  unfolds  its  parts,  developng  the  ru- 
diments of  leaf,  branch,  ^and  trunk:  and   finally 
the  seminal   leaves  decay  and  drop  o£f;   and  the 
embryo  has  been  converted  into  a  plant  capable  of 
abstracting  immediately  from  the  soil  or  atmosphere 
the  nourishment  necessary  to  its  future  growth. 
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OF^HE  FOOD  OF  THE  VEGETATING  PLANT. 

If  .the  embryo  iK^ben  converted  into  a  plant  and  Derived 
fixed  in  tlie  soil  is  now  capable  of  abstracting  from  earth  and 
the  earth  or  atmosphere  the  nutriment  necessary  to  '^^^^ 
its    growth  and  dcvelopement,  the  next  object  of 
the  phytologist's  inquiry  will  be  that  of  ascertaining 
the  substances  which  it  actually  abstracts,  or  the 
Ibod  of  the  vegetating  plant. 

What  then  are  the  component  principles  of  the 
soil  and  atmo^here?  The  investigations  aod  dis-    ' 
coveries  of  modern   chemists  have  done  much  to 
elucidate  this  dark,  and  intricate  subject.     Soil,  in 
genera^  may  be  regarded  as  consisting  of  earths, 
water,  vegetable  mouldy  decayed  animal  substances, 
salts^  ores,  alkalies,  gases,  perhaps  in  a  proportion 
corresponding  to  the  order  in  which  they  are  now 
enumerated ;  which  is  at  any  rate  the  fact  with  re- 
gard to  die  three  first,  though  their  relative  propor- 
tions are  by  no  aKsans  uniform*  The  atmosphere  has 
been  also  found  to  consist  of  at  least  four  species  of 
^stic  matter — nitrogene,  oxygene^  carbonic  acid 
gas,  and  vapour ;  together  with  a  multitude  of  mi- 
nute particles  detached  from  the  solid  bodies  occu- 
pying the  surfiice  of  the  eardi,  and  wafited  upon 
the  winds.    The  two  former  ingredients  exist  in 
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the  proportion  of  about  four  to  one ;  carbonic  acid 
gas  in  the  proportion  of  about  one  part  in    100; 
and  vapour  in  a  proportion  still  less.*     Such  then 
are  the  component  principles  of  the  soil  and  at- 
mosphere^ and  sources  of  vegetable  nourishment. 
Bjieleo*       But  the  whole  of  the  ingredients  of  the  soil  and 
atmosphere  are  not  taken  op  indiscriminately  by 
the  plant  and  converted  into  vegetable  food,  be- 
cause plants  do  not  thrive  indiscriminately  (n  all 
varieties  of  soil.     Part  only  of  the  ingredients  are 
selected^  and  in  certain  proportions ;  as  is  evident 
from  the  analysis  of  the  vegetable  substance  given 
in  the  foregoing  book,  in  which  it  was  found  that 
carbon,  hydrogene,  oxygene,  and  nitrc^ne,  are  the 
principal  ingredients  of  plants ;  while  the  other  in-- 
gredients  contained  in  them  occur  but  in  very  small 
proportions.     It  does  not,  however,  follow  that  these 
ingredients  enter  the  plant  in  an  uncombined  and 
insulated  state,  because  they  do  not  always  so  exist 
in  the  soil  and  atmosphere ;    it  follows  only  that 
they  are  inhaled  or  absorbed  by  the  vegetating 
plant  under  one  modification  or  another.    The  plant 
then  does  not  select  such  principles  as  are  the  most 
abundant  in  the  soil  and  atmosphere ;  nor  in  the 
proportions  in  which  they  exist ;  nor  in  an  uncom^ 
bined  and  insulated  state.     But  what  are  the  sub- 
stances actually  selected ;  in  what  state  are  they 
taken  up ;    and  in  what  proportions  ?  In  order  to 
give  arrangement  and  elucidation  to  the  subject,  I 
*  J)e  Luc  on  Evaporation. 
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shall  consider  it  nnder  the  six  following  beads : 
Water,  Gases,  Vegetable  Extracts,  Salts,  Earths, 
Manures. 


SECTION  I. 
Water. 

As  water  is  necessary  to  the  commencement  of  Abmbed 
vegetation  so  also  is  it  necessary  to  its  progress.  ^^^ 
Plants  will  not  continue  to  vegetate  unless   their 
roots  are  supplied  with  water ;  and  if  diey  are  kept 
long  without  it  the  leaves  will  droop  and  become 
flaccid,  and  assume  a  withered  appearance.     Now 
this  is  evidently  owing  to  the  loss  of  water.     For  if 
the  roots  are  again  well  supplied  with  water  the 
'weight  of  the  plant  is  increased,  and  its  freshness 
restored.     But  many  plants  will  grow,  and  thrive, 
and  effect  the  developement  of  all  their  parts,  if  the 
TOot  is  merely  immersed  in  water,  though  not. fixed 
in  the  soil.     Lilies,  Hyacinths,  and  a  variety  of 
plants  with  bulbous  roots,  may  be  so  reared,  and  are 
often  to  be  met  with  so  vegetating;   and    many 
plants  will  also  vegetate  though  wholly  immersed. 
Most  of  the  marine  plants  are  of  this  description. 
It  can  scarcely  be  doubted   therefore  that  water 
serves  for  the  purpose  of  a  vegetable  aliment. 

But  if  plants  cannot  be  made  to  vegetate  without 
water ;  and  if  they  will  vegetate,  some,  when  partly 
immersed  without  the  assistance  of  soil ;  and  some 
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even  when  totally  immersed  ao  n$  that  ao  other 
food  seems  to  have  access   to  theoi;  does  it  iK>t 
Thought   follow  that  water  is  the  sole  food  of  plantf^  the  ^il 
lolefood    heing  merely  the  basis  on  which  they  rest;  and 
of  planu.  jj,^  receptacle  of  their  food  ?     This  opinion  has  had 
many  advocates;   and  the  argumeuts  and  experi- 
ments adduced  in  support  of  it  were  at  one  time 
thought  to  have  completely  established   its  truth. 
It  was  indeed  the  prevailing  qainion  of  the  seven- 
teenth century,  and  was  embraced  by  several  phi- 
losophers even  of  the  eighteenth  century ;  but  its 
ablest  and  most  zealous  advocates  were  Van  Hel- 
mont,  Boyle,  Du  Hamd,  and  Bonnet,  who  con- 
tended that  water,  by  virtue  of  the  vital  enei^  of 
the  plant,  was  sufficient  to  form  all  the  different 
substances  contained  in  vegetables. 
Theopi-        Van  Helmont  planted  a  Willow  weighing  50 lb. 
renaniMT'iD  ^^  earthen  vessel  containing  a  known  quantity 
Mrimenu*  ^  ^^th  which  had    been  previously  dried  in  an 
of  Van     oven.     He  moistened  it  with  distilled  water,   or 
with  rain  water,  and  took  care  to  prevent  any  ac- 
cession of  other  earth.     At  the  end  of  five  years 
the  plant  was  taken  up  and  weighed.     Its  weighty 
together  with  that  of  all  its  leaves,  was  169^  lb. 
and  the  weight  of  the  earth,  only  two  ounces  less 
than  at  first,  giving  an  accession  of  11 9^ lb.,  which 
is  to  be  accounted  for  only  from  the  water  with 
which  the  earth  was  moistened.     Hence  it  was  com 
eluded  that  water  is  the  sole  food  of  plants ;  the 
two  ounces  of  earth  lost  b^ing  regarded  ^s  bearing 
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too  email  a  proportion  to  the  increased  weight  of 
the  wiUow  to  deserve  any  notice  in  the  calcu« 
latioD.* 

fioylc  dried  a  quantity  of  earth  in  an  oven^  which  Boyle, 
after  having  weighed  he  put  into  an  earthen  pot. 
He  then  sowed  some  Gourd  seed  in  the  earth  and 
watered  it  with  spring  or  rain  water.  A  plant  was 
nitimbteiy  produced  that  weighed  three  pounds ; 
and  in  a  subsequent  experiment,  a  plant  that 
weighed  four  pounds ;  and  yet  the  weight  of  the 
earth,  when  dried  and  weighed  again,  was  not  per- 
ceptibly diminished.  This  seemed  to  give  weight 
to  the  .foregoing  conclusion. 

Da  Haoiel  placed  some  bulbous  roots  merely  in  DaHamcf, 
aiQ0s  or  wet  sponges,  and   they  vegetated;    and  net,    ^ 
Beads  and  Peas  when  so  treated  even  flourished 
and  praduoed  froit-f*    Bonnet  in  repeating  the  ex* 
periments  of  Du  Hamel  had  the  same  result ;  and  ^ 
in  trying  its  operation  upon  vines,  found  that  they 
produced  exoellent  grapes.  Nothing  further  seemed 
necessary  to  determine  the  point  at  issue ;  and  it 
was  accordingly  believed  that  water  is  the  sole  food 
of  plsints,  and  that  the  other  substances  which  they 
may  contain  are  formed  merely  from  the  water,  by 
virtue  of  the  vital  energy  of  the  plant. 

But  though  these  experiments  have  the  appear- 
ance of  being  somewhat  decisive,   yet  there  are 
ottiers  by  the  same  experimenters  which  are  not 
quite  so  fiivourable  to  the  opinion  they  were  in* 
*  Pliys.  des  Arb.  liv.  v.  cliBp.  i-  +  Ibid, 
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tended  to  support.  Du  Hamel  reared  in  the  above 
manner  plants  of  the  Horse-chesnut  and  Almond 
to  some  considerable  size^  and  an  Oak  till  it  was 
eight  years  old.*  And  though  he  informs  us  that 
they  died  at  last  only  from  neglect  of  watering; 
yet  it  seems  extremely  doubtful  whether  -they 
would  have  continued  to  vegetate  much  longer 
even  if  they  had  been  watered  ever  so  regularly: 
for  he  admits  in  the  first  place  that  they  made  less 
and  less  progress  every  year;  and  in  the  second 
place,  that  their  roots  were  found  to  be  in  a  very 
bad  state. 
Which  are  But  if  they  had  even  continued  to  vegetate,  still 
dent  to  ^h^  experiments  were  insufficient  to  decide  the 
decide  the  point  in  question.  Their  insufficiency  was  firsi 
pointed  out  by  Bei^pnan  in  1773»  who  showed  from 
the  experiments  of  Margraff,  that  in  one  pound  of 
rain  water  there  is  contained  one  grain  of  earth.-f- 
Earth,  therefore^  must  have  been  absorbed  along 
with  tha  water;  so  that  even  the  boasted  experi- 
ment of  Van  Helmont,  on  which  so  much  stress  had 
been  laid,  amounted  to  nothing.  For  the  rain- 
water employed  in  the  experiment  must  have  con- 
tained in  it  as  much  earth  as  could  have  been  well 
expected  to  exist  in  the  willow  at  the  end  of  five 
years.  And  if  not,  then  it  is  easy  to  point  out 
an  additional  source  of  supply :  for  it  has  been 
shown  by  Hales  and  others,  that  unglazed  earthen 
vessels  when  placed  in  the  earth,  will  readily  ab- 
♦  Ph^'s.  des  Arb.  liv,  v.  chap.  i.  +  Opusc.  vol.  v.  p,  9^. 
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florb  moisture  ;'*^  so  that^  according  to  Mr.  Kirwan's 
remark^  the  earthen  vessel  in^  which  the  willow 
was  planted  must  have  absorbed  moisture  from  the 
surrounding  soil^  impregnated  with  whatever  sub- 
stances the  earth  contained.  The  access  of  earth 
therefore  is  accounted  for  without  the  joint  effin'ts 
of  the  water  and  vital  enei^  of  the  plants  and  no 
satis&ctoiy  proof  alleged  of  the  similar  formation  of 
other  substances. 

The  subject  was  afterwards  investigated  by  Has-  Inferenee 
senfratz^  who  saw  the  insufficiency  of  the  foregoing  fms  that 
proofs^  and  objected  to  them  because  no  account  ^^^^ 
-was  given  of  the  proportions  of  carbon  at  the  com-  »lc  f<»d  • 
mencement  and  termination  of  the  respective  ex- 
periments. Did  not  the  carbon  of  the  plant  in- 
crease also  as  well  as  its  other  ingredients  ?  And 
yet  the  carbon  could  not  be  supposed  to  be  formed 
firom  the  water.  To  clear  up  this  point  he  analyzed 
the  bulbs  of  the  Hyacinth  and  of  several  other 
plants,  together  with  a  number  of  Kidney-beans, 
and  Cress-seeds,  with  a  view  to  discover  the  quan- 
tity of  carbon  they  contained,  and  consequently 
by  calculation  the  quantity  contained  in  any  given 
weight  of  similar  bulbs  or  seeds.  He  then  made 
a  number  of  each  to  vegetate  in  pure  water,  some 
within  doors,  and  others  in  the  open  air,  having 
first  ascertained  their  weight.  They  germinated, 
grew  up,  and  flowered;  but  produced  no  seed. 
They  were  afterwards  gathered,  leaves  and  all,  and 
•  Veg.  StftUvol.Lp.  5. 
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subjected  to  a  chemical  aiuilytris,  the  result  oi  which 
was,  that  the  carbon  coittained  in  each  was  some- 
what  less  than  the  quantity  which  existed  in  tile 
bulb  or  seed  from  which  the  plant  had  sprun^;"*^ 
From  this  singular  and  unexpected  result  Hassen* 
fratz  concluded^  as  he  was  no  doubt  well  entitle, 
that  water  is  not  the  sole  food  of  plants  ;  because 
plants  vegetating  in  pure  water  receive  no  accession 
of  carbon,    without  which   they  cannot  produce 
perfect  seeds. 
Dedaced       But  althpugh  this  conclusion  is  certoinly  right, 
neoutTR^  y<st  the  premises  from  which  it  is  deduced  are  as 
■"•"'      certainly  wrong ;  and  yet  they  seem  to  have  been 
admitted  by  some  phytological  inquirers  who  were 
no  doubt  well  qualified  to  judge   of  their  value. 
But  at  this  rate  we  must  believe  that  Du  Hameif's 
Oak  of  eight  years  old,  and  Van  Helmonfs  Willow 
that  was  increased  in  weight  by  upwards  of  lOOlb., 
contained  no  more  carbon,  even  including  all  the 
leaves  that  fell  annually,  than  the  original  acorn 
or  original  plant;  and  we  must  believe  that  the 
seeds  of  aquatics  contain  as  much  carbon  as  tiie 
plants  they  produce,  together  with  all  their  seeds, 
which  is  an  absurdity.     Senebier  saw  the  impossi* 
bility  of  admitting  the  premises,  and  rejected  them  ; 
Which     but    Saussure  put  them  again  to  the  test  of  ex- 
rcjectol      periment.      Having  gathered  some  plants  of,  the 
Mentha  piperiiay  he  found  that  100  parts  in  weight 
of  the  green  vegetable  substance  were  reduced  by 
*  Annal.  ^e  Chini.  vol.  xiii.  p.  178. 
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drying  to  40.29>  which  were  found  by  experimetit 
to  contain  IO.96  of  charcoal.  He  then  took  a 
number  of  plants  of  the  same  species^  and  placed 
them  by  the  roots  in  bottles  filled  with  distilled 
water;  exposing  them  to  the  sun  on  the  outside  of 
a  window^  but  sheltering  them  from  the  rain. 
After  ten  weeks  of  vegetation  the  100  parts  of 
mint  weighed  in  their  green  state  to  2lQ  parts^ 
which  were  reduced  by  drying  to  68.  They  had 
augmented  therefore  in  dried  vegetable  matter 
31.71  parts;  but  they  had  augmented  also  in  their 
quanti^  of  carbon :  for  the  62  parts  of  dried 
v^etable  substance  furnished  15.78  of  cfaarcoaU* 
A  similar  result  was  obtained  from  a  similar  ezpe-  Though 
riment  upon  Beans^  from  which  we  may  infer  the  bibhes  tbo 
accuracy  of  Saussure^  and  the  consequent  inaccuracy  ^^f^^^ 
of  Hassenfratz^  who  was  no  doubt  misled  by  some 
circumstance  not  taken  into  the  account.  Perhaps 
the  plants  on  which  he  made  his  experiments  were 
not  sufficiently  exposed  to  the  light  of  the  sun  1 
so  that  if  he  corrected  one  error  he  committed  also 
another.  While  we  maintain,  therefore^  that  water 
is  not  the  sole  fixxl  of  plants^  and  is  not  convertible 
into  the  whole  of  the  ingredients  of  the  vegetable 
substance,  even  with  the  aid  of  the  vital  enei|y ; 
we  must  at  the  same  time  admit  that  plants,  though 
vegetating  merely  in  water,  do  yet  augment  the 
quantity  of  their  carbon. 

^  Sur  la  Veg.  chtpi  ii.  sect.  r. 

VOL.  n.  s 
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SECTION  II. 

.    Gases. 

When  it  was  found  that  water  is  insufficient  to 
constitute  the  sole  food  of  plants,  recourse  ivas  next 
had  to  the  assistance  of  the  atmospheric  air ;  and 
it  was  believed  that  the  vital  energy  of  the  plant 
is  at  least  capable  of  furnishing  all  the  different  in- 
gredients of  the  vegetable  substance,  by  means  of 
decomposing  and  combining,  in  different  ways,  at- 
mospheric air  and  water.  But  as  this  extravagant 
conjecture  is  founded  on  no  proof,  it  is  conse- 
quently of  no  value.  It  must  be  confessed,  however, 
Atmos-  that  atmospheric  air  is  indispensably  necessary  to 
Fildis^n-'  the  health  and  vigour  of  the  plant,  as- may  be  seen 
sable  tove-  ^y  looking  at  the  different  aspects  of  plants  exposed 
to  a  free  circulation  of  air,  and  plants  deprived  of 
it :  the  former  are  vigorous  and  luxuriant ;  the 
latter  weak  and  stunted.  It  may  be  seen  also  by 
means  of  experiment  even  upon  a  small  scale.  If 
a  plant  is  placed  under  a  glass  to  which  no  new 
supply  of  air  has  access,  it  soon  begins  to  languish, 
and  at  length  withers  and  dies  ;  but  particularly  if 
'it  is  placed  under  the  exhausted  receiver  of  an  air- 
pump  ;  as  might  indeed  be  expected  from  the 
iailure  of  the  germination  of  the  seed  in  similar 
circumstances.  According  to  the  experiments  of 
Saussure,  plants  of  Peas,  though  completely  deve- 
loped and  furnished  with  their  leaves,  died  in  the 


space  of  three  days,  when  put  into ,  the  e:Khaiifet^ 
receiver  of  an  air^pamp  whether  in  the  shatde  or  the 
sun.    But  plants  with  thick  •  and  sncqalent  leav^sr 
seem  capaible  of  supporting  vegetation  in  vacuous  at 
least  if  eirpoaed  to  the  $un.     A  plant  of  the  Cactus 
Opuntia  Uved  more -than  a  month  in  this  state 
without » showing*  aijy-  symptoms  of  decay, ^^xcept 
that  the  epidermis  seemed' dry,  which  again  reco* 
vered  its  freshness,'  however^  in  the  atmospheric 
air.*    And  though  plants,. with  thin  leaves  geae-. 
rally  died  under  the  experiment,  yet  there  were 
excqptiona  even  among  theHi*.    A  pUnt  of  the  l?(h 
lygomtm  Persicaria  lived  for  six  months- in  the 
vacuum  of  an  air-pump^  and  was  at.  the  end.  of  the 
ezperimeot  -  as  fresh  and  vigorous:  as  at  the  !)&• 
ginaipg,  with  the  exception  of  two  or  three  leaves 
near  the  root,  which  were  withered:  The  same  was 
the^case  also  with  plants  of  the  EpUobium  molkf 
EpUobimn  hirsutum,  Ly thrum  Salicariay  snd  Inula 
dysenterica.   They  were  placed  in  the  light,  but  not 
so  as  to  receive  Uie  direct  rays  of  the  sun ;  to  which    v 
when  they  were  exposed  they  withered,*  even  though 
the  rays  were  but  feeble. 

It  has  been  said  indeed  that  roses  will  remain 
longer  fresh  in  vacuo  than  in  coinmon  air.  But 
this  is  a  mistake.  In  the  latter  case  the  petals,  no 
doubt^  fall  sooner;  but  this  is  merely  the  natural 
effect  of  vegetation,  and  not  a  symptom  of  decom* 
position  or  decay,  as  is  proved  from  the  inspection 
•  Sur  la  Vegf.  chap.  vi.  sect.  ▼. 
E2 
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^  Ihe  petals  ewa  after  they  here  fallen,  in  their 
still  exMing  an  agreeable  though  friat  odour.  Bat 
ki  tiie  ftraler  oase^  though  the  petals  remam  longer 
Mtaehed  to  the  plaat^  and  retain  their  ferm  and 
eolbur,  and  uf^pear  to  be  fresh  and  fiagrant;  yet 
when  you  put  them  to  the  test,  they  are  found  to 
esihale  a  strong  tod  fotid  odour,  the  sure  symptom 
df  iw^tteird  putfeAiction.* 

But  although  we  admit  tfie  great  utility  of  at« 
mospheric  air,  and  ewn  ite  absolute  necessity  to 
the  Support  of  vegetable  life,  we  must  not  attribote 
to  it  more  than  is  due,  and  conclude  without  proof 
that  air,  together  with  water,  forms  die  whole  of 
vegetable  aKment.  And  yet  in  support  of  (his 
doctitne  it  has  been  said  that  many  phmte  do 
evidently  effect  the  deveiopement  of  their  parte, 
without  the  aid  of  any  other  nourishment  beyond 
that  of  air,  noas,  and  dews ;  and  the  Mosses  and 
Lidiens,  and  some  otfier  tr&es  of  plante  hare  been 
(^ted  as  affording  examples.' 

It  tniisjt  be  admitted  no  doubt  tbatplante  of  slow 
growth  akd  tenacious  of  life,  such  as  many  of  the 
Mosses,  and  some  of  the  succulent  plante,  do  in- 
deed  eflfect  the  develepement  of  thdr  purtat  without 
the  aid  cf  any  other  nourishmeot  beyond  what  they 
iderive  ftoift  the  atmosphere.  But  plMito  of  rapU 
growHi,  such  sisjannuals,  can  never  effect  that  de- 
veiopement without  the  aid  of  nourishment  derived 
from  4fae  sosL  Saussure  tried  the  experiment  upon 
*  Sani.  sur  la  Veg.  chap,  vi*  sect.  v. 


BeaQ0»  P«as,  and  Cretteiy  by  pbidi^K  then  m  faonttf 
hfttr,  or  in  pore  sand,  and  moittenpng  tb^ov  witb 
dislilkd  water.  They  grew  iodeed,  nd  wme  (df 
them  even  flowered^  but  never  produwd  perfept 
seeds.*  And  Giobert  and  HasieBfffats;^  who  had 
made  simiiar  eacperimenti^  bad  alsp  similfHr  nwdts. 
It  ii  plain  therafim  that  soma  essei»tiU  pruM^ 
of  nmmshment  was  wanting^  ivjiieh  k  fiimisliad 
by  the  sail  s  and  that  atmoiphenc  air  and  w»ter 
ai«  not  the  mAy  piinctpks  cooetitatiag  the  food  of 


Btttasiagermiaaitbn  sa  also  in  tbeprograsaoforatiean 
^regetation,  it  is  part  only  of  tlie  oomponeat  prin*^^!^^^ 
ctple  of  the  ataMspberic  air  that  ace  adapted  to  tha  '^^P*^ 
purposes  of  tragefeable  nutrition,  and  jelected  by 
tbepfaaitasafood.    Let  us  tske  them  in  4lie  or^er 
of  ^leir  reversed  proportioM» 


SUBSECnOM  I. 

Carknuc  mU  gM.-^Iu  tihe  process  c{  the  ger* 
miaation  «f  the  seed,  die  eflect  of  the  application 
of  eaibonie  acid  gas  was  found  to  be  altogether 
pesjndicial.    But  in  the  process  of  snbsequent  vCf  Brnficid 
getatkm  its  appfication  has  been  feond,  on  the  eon^  S»^the 
trary,  io  be  eztvemely  beaefieiaL    Plants  wiH  not  *^* 
tmileed  nutate  in  an  atmospheve  of  pure  carbonio 
aoid,  as  was  first  asoertained  by  iDn  Priestly,  ivbo 
fmnd^iat  aprigs  of  mint  grawii^  in  watert  and 
*  Sur  Is  Veg,  cluip>  viii.  lect.  i. 
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placed  over  wort  in  ^  state  of  fermentation^  gene* 
rally  beciime  quite  dead  in  the  space  of  a.  day,  and 
did  not  even  recover  when,  pat  into  an  atmos^ere 
6f  comnion  air.* 

Bat  Dr.  Percival,  of  Manchester,  observed  that 
a  plant  of  Mint,  immersed  in  water  by  the  root  and 
exposed  to  a  current  of  atmospheric  air  mixed  with 
carbonic  acid  gas,  was  more  vigorous,  and  luxuriant 
than  a  plant  of  the  same  species  similarly  situated 
and  exposed  to  a  current  of  pure  atmospheric  air.-f' 

Improving  upon  this  hint,  Saussure  made  some 
experiments*  with  a  view  to  determine  the  dose  of 
carbonic  acid  gas  which,  being  mixed  with  atmos* 
pheric  air,  is  the  most  favourable  to  vegetation. 
Having  made  some  Peas  to  germinate  in  water  till 
they  acquired  the  height  of  four  inches  and  weighed 
about  twenty  grains,  he  then  placed  a  number  of 
them  in  glasses  61Ied  with  water  by  threes,  so  as 
that  the  roots  only  w^re  immersed,  and  introduced 
them  into  receivers  filled  with  different  mixtures 
of  comYnbn  air  aiid  caV^bonic  acid  gas.  They  were 
situated  so  as  to  receive  the  direct  rays  of  .the  tun, 
moderated  when  too  intense.  The  mean  augmen- 
tation ifi  weight  of  such  as  were  placed  ia  pure 
.  .  atmospheric  iair.^  and  exposed  during,  ten  ;days  tp 
the  sun,  was  eight  grains  to  each  plant  Such  as 
•were  exposed  to  the  sun,  in  an  atmosphere/of  pure 
carbonic  acid  gas,  faded  axaL withered  ^way  without 
any  farther  developement.    In  an  atmospfafere  coa-> 

♦  Priestley  ou  Air,  vol.  i  p..$&        +  Manch.  Trani.  vol.  ii, 
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taining  three-fourths,  or  two-thirds  of  its  volume  of 
carbonic  acid  gas^  they  withered  also ;  but  in  aa 
atmosphere  containing  only  one  half  of  its  volume 
of  carbonic  acid  they  lived  seven  days.  And  in  an 
atmosphere  containing  but  one  fourth  of  its  volume 
of  the  same  gas^  they  Jived  ten  days  and  augmented 
their  weight  by  five  grains.  Lastly,  the  mean  aug- 
mentation ii\  weight  of  such  as  were  placed,  in  an 
atoiospbeitt  of  common  air,  cpntaipiqg  one-twelfth 
part  of  carbonic  acid  gai^,  was  eleven  grains.  This 
experiment  was  repeated  frequently^  and  was  found 
to  yield  a .  uniform  result;,  the.  plants  always  suc- 
ceeding better,  than  in, pure  atmospheric  air.  Car- 
bonic acid  gas^ .  therefore,  is  of  great  utility  to  the 
growXh  of  plants  vegetatiqg  in  the  sun,  as  applied 
to  the  leaves  and  branches ;  and  whatever  increases 
the  proportion  of  this  gas  in  their  atmosphere,  at 
least  within  a. given  degjpee,  forwards  vegetation.* 

But  the  result  was  not  the  samQ  when  the  plant  But  pre- 
was  placed  in  the  shade;  the  smallest  dose  of  car-'jtin^^lhc**^ 
bonic  acid  gas,  in  addition  to  that  of  the  atmospheric  *^*^^' 
air,  being   then  prejudicial   to  vegetation.      This 
appears  from   the  following  experiments:  Plants 
kept  in  the  shade,  and  placed  in  an  atmosphere. con- 
taining one-fourth  of  its  volume  of  carbonic  acid 
gas^  died  on  the  sixth  day ;  and  when  the  atmos- 
phere contained  only  one-twelfth  of  its  volume  of 
this  gas,  they  lived  indeed  ten  days,  but  weighed 
only  three  grains ;  while  those  in  pure  atmospheric 
*  Sur  la  Veg.  chap.  ii.  sect.  v. 
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air  weighed  five  grains.  Carhpnic  acid  gas,  there- 
fore^ as  applied  to  the  leaves  and  branches  of  plants, 
is  prejudicial  to  their  vegetation  in  the  shade,  if 
administered  in  a  proportion  beyond  that  in  which 
it  exists  in  atinospherio  air. 
Ijtsinflo-  But  it  is  also  beneficial  to  the  growdi  of  the 
pSl^toSepI^^^  when  applied  to  the  root.  This  Saussure  as* 
*^''  eertained  by  experiment  also.  Two  boards  pierced 
with  a  number  of  holes  were  made  to  float  in  two 
vessels  filled,  one  with  distilled  water,  and  the 
other  with  water  impregnated  witli  carbonic  acid 
gas.  On  each  of  these  boards  was  placed  a  number 
of  Peas  that  had  been  lately  made  to  germinate  in 
.  distilled  water.  Their  radicles  at  the  commence- 
ment of  the  experiment  were  two  lines  and  a  half 
long.  At  the  end  of  ten  days  the  roots  in  contact 
with  the  distilled  water  were  longer  by  five  inches, 
than  those  in  contact  with  the  acidulated  water; 
and  the  stalks  and  leaves  were  developed  in  the 
samfs  propprtion.  But  at  the  end  oif  a  mpnth  the 
plants  vegetating  in  the  acidulated  water  had  ac 
quired  the  sdme  dimensions  as  the  others,  and  at 
the  end  of  six  weeks  had  considerably  surpassed 
them.  It  follows,  therefore,  that  carbonic  acid  gas 
as  applied  to  the  roots  pf  plants  is  also  beneficial 
to  their  growth,  at  least  in  the  more  advaoqed 
stages  of  vi^tation. 


net.  lU  6AMlSMk  if 


SUBSECTION  II. 

Osygene. — As  ozjrgene  is  essential  to  the  oooh 
mencement  and  progress  of  germinatioii ;  so  alM 
It  is  essential  to  the  progress  of  vegetation,  lliia 
is  dearly  proved  by  ibe  foltowing  ezperimentB  of 
Saossure :  Having  pulled  up  some  yowig  plants  of 
the  Horse-chesnuty  furnished  with  their  leaves  iind 
weighing  abont  46o  grains,  he  introduced  their  roots> 
whidi  were  nearly  a  foot  in  lengthy  into  receivers 
of  about  sixty  cubic  inches  in  capacity^  and  luted 
the  base  of  the  stem  to  the  neck  of  the  receiyen 
Into  one  of  the  receivers^  e^ch  of  which  contained 
a  quantity  of  distilled  water,  he  introduced  twenty* 
eight  cubic  inches  of  nitrogene  which  was  in  con* 
tact  with  the  npper  part  of  the  root,  while  the 
under  part  was  immersed  in  the  water.  Into 
another  fae  introduced  an  equal  quantity  of  by* 
drogene;  atad  into  a  third  ati  equafl  quafntity  of 
carbonic  actd.  The  plant  whose  root  was  in  con*-  lu  ben»* 
tact  with  the  wrbonic  acid-died  in  the  course  of£JiJ^„ 
eight  days:  the  others  lived  a  fortnight,  but  had»g^j^«^ 
not  diminished  the  volume  of  their  atmosphere. 
But  plants  which  were  placed  at  the  same  time  in 
a  similar  apparatus,  furnished  with  atmospheric  air, 
gave  a  "very  different  rtoult ;  for  at  the  end  of  three 
iVeeks  when  the  experiment  was  stopped,  they  were 
still  fresh  and  vigorousj  and  thevolnme  of  their  at« 
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mosphere  was  diminished.*  It  is  obvious^  then^ 
that  the  presence  of  oxygene  is  beneficial  to  the 
growth  of  the  vegetable,  at  least  as  applied  to  the 
root ;  because  that  is  the  only  principle  which  had 
access  to  the  root  in  the  last  experiment^  ;which 
bad.  not  access  to  it  in  the  former. 

Branch  But  oxygene  is  beneficial  to  vegetation  as  applied 
ako  to  the  other  parts  of  the  plant  as  well  as  to  the 
root.  Branches  of  woody  plants  taken  in  the 
springy  immediately  before  the  expansion  of  the 
bud,  and  enclosed  in  receivers  filled  with  common 
air,  together  with  a  small  quantity  of  water  to 
supply  them  with  moisture,  developed  their  leaves 
as  if  attached  to  the  parent  plant.  And  this  de* 
velopement  was  effected  solely  by  means  of  the 
oxygene  contained  in  the  receiver ;  for  in  mediums 
deprived  of  oxygene  no  developement  took  placel'f- 
The  presence  of  oxygene  therefore  is  necessary  to 
the  developement  of  the  leaves. 

Flower  But  it  is  necessary  also  to  the  developement  of 
the  flower  and  fruit  The  flower^bud  will  not  ex- 
pand if  confined  in  an  atmosphere  deprived*  of 
oxygene;  nor  will  the  fruit  ripen.  Flower-buds 
confined  in  an  atmosphere  of  pure  nitrogene  faded 
without  expanding.  A  bunch  of  unripe  Grapes 
introduced  into  a  globe  of  glass  which  was  luted 
by  its  orifice  to  the  bough,  and  exposed  to  the  sun, 
ripened  without  efiecting  any  material  alteration 
♦  Sur  la  Vcig.  chap.  iii.  sect.  vj.  f  Ibid.  sect.  vili.    .  ,- 
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in  its  atmosphere.  But  when  a  buneh.  was  placed 
in  the  same  circumstance,  with  the  addition  of  a 
quantity  of  lime^  the  atmosphere  was  contaminated; 
and  the  Grapes  did  not  ripen.*  Oxygene  therefore 
is  essential  to  the  developement  of  the  vegetating 
plant. 

But  how  is  this  beneficial  effect  operated?  IsHowef- 
the  oxygene  actually  inhaled  into  the  body  Of 
the  plant  and  converted  into  a  vegetable  food ;.  or 
ISL  its  operation  merely  external  ?  Oxygene .  is  ac* 
tually  inhaled,  at  least  under  certain  circumstances* 
Saussure  having  suspended  a  plant  of  the  Cactus 
Opuntia,  after  sun-set,  in  a  receiver  containing 
forty-eight  cubic  inches  of  atmospheric  air  deprived 
of  its  carbonic  acid,  but  of  which  six  cubic  inches 
were  displaced  by  the  leaves,  found  early  next 
morning,  after  making  the  necessary  corrections 
relative  to  change  of  temperature  and  pressure; 
that  the  atmosphere  of  the  plant  had  diminished  in 
volume  four  cubic  inches.  The  remaining  air  when 
examined  contained  but  -^v  ^^  oxygene,  though 
before  the  introduction  of  the  Cactus  it  had  con- 
tained ^Vf'  of  ^he  same  gas.  It  follows,  therefore^ 
that  the  diminution  of  quantity  had  afiected  the 
oxygene  only.  But  the  oxygene  did  not  exist  iti 
the  atmosphere  of  the  plant  under  any  combination 
wfaateiver ;  for  the  aj^lication  of  lime  water  gave 
no  indications  of  the  presence  of  carbonic  acid* 
The  oxygene  of  the  atmosphere,  therefore^  must 
*  Sur  la  Veg.  chap.  iii.  sect.  ]x« 
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have  been  abstracted  by  the  leaves  of  the  Cactui^ 
From  indiich  it  also  follows  that  the  leaves  of  vege« 
fating  plants  do  actually  inhale  oxygene^  at  least  in 
course  of  the  night. 

Similar  experiments  on  vegetating  plants  gave 
similar  results^  but  the  quantity  of  oxygene  ab- 
stracted was  not  always  in  &e  same  proportion.  In 
the  present  case  it  was  very  considerable^  amounting 
to  tfaree^fourths  of  the  volume  of  the  leaves,  while 
in  other  cases  it  was  often  not  more  than  one-half 
€xf  dieir  volume. 

SUBSECTION  III. 

JVifrcg'ffie.— -Though  nitrogene  gas  constitutes 
by  fiir  the  greater  part  of  the  mass  of  atmoapherie 
air,  it  does  not  seem  capable  of  aflbrdiag  nutriment 
KotaTo-  to  plants;  for  n  seeds  will  not  gaitBinate  in  it, 
SS,  *  so  neither  will  jdants  vi^etaHe.  It  was  r^ardedi 
however,  as  coostkoting  a  Tegetable  food  by  some 
df  thd  earlier  pneumatic  ehenrists,  particularly  by 
Priestley,  who  found,  as  it  seems,  that  some  sprigs 
ci  Mint  on  which  he  had  made  the  expemnent 
vegetated  better  in  phbgisticated  air  than  in  either 
depblogisticated  or  common  air;*  and  henoe  he 
infened  that  phlogisticated  air,  the  oitrogene  of 
Biodem  chemists,  serves  as  a  vegetable  food.-f*  In 
fhis  opinion  he  was  followed   by    Ingenhoutz,^ 

♦  Priestley  on  Air,  vol.  iv.  p.  327.         f  ^^'<'»  ^^^'  ^^  P-  *5' 
{  Ezper.  lur  les  Yeg*  vol.  ii,  p.  146. 
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whofle  esq)erimeiit8  appear  to  have  given  a  similar 
result ;  contradicted^  however^  by  the  result  of  the 
experiments  of  Senebier^  Woodhouse^  and  Saussure, 
on  the  same  subject. 

Branches  of  Populus  nigra  and  SaUs  alba, 
whose  leaf-buds  were  just  ready  to  open^  were  in- 
troduced by  Saussure  into  an  atmosphere  of  ni- 
trogene  both  in  the  shade  and  sun.  They  eflfected 
no  farther  developement  of  parts,  but  were  foand 
to  be  in  a  state  of  putrefaction  after  a  period  of  five 
days ;  but  in  an  atmosphere  of  common  air  they 
readily  effected  their  developement,  and  continued 
to  vegetate  for  many  weeks.  Roses  and  Lilies  ga^ 
thered  two  or  three  hours  before  their  expansion, 
and  treated  in  the  same  manner,  gave  similar 
results. 

It  must  be  admitted,  however,  that  many  plants  Tlioagli 
will  continue  to  vegetate  for  a  time  in  an  atmosphere  pitnti  win 
of  nitrogene  gas,  when  their  leaves  have  been  pre-f^a"*^ 
viously  developed ;  but  they  are  such  plants  only 
as  present  a  great  extent  of  surface,  and  consume 
but  little  oxygene  in  the  shade.    A  plant  of  the 
Cactus  Opuntiay  nourished  with  water  and  placed 
in  an  atmosphere  of  nitrogene  gas  exposed  to  the 
influence  of  the  sun,  was  found  capable  of  sup*  . 
porting  vegetation  for  the  space  of  three  weeks; 
but  it  was  greatly  injured  by  the  experiment,  and 
in  the  shade  it  lived  only  five  days.    A  plant  of 
the  Sedum  tekphiuim  when  treated  in  the  above 
*  Sur  la  Veg.  chap.  vi.  sect.  ii. 
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manner  gave  a  similar  resialt;  and  yet  these  planb 
vegetated  to  an  indefinite  time  in  an  atmosphere  of 
common  air. 

From  the  above  experiments  it  seems  to  fblloW 
that  nitrdg^ne  ^s,  at  least  in  its  pure  state,  is  un- 
favourable to  vegetation ;  but  particularly  in  the 
shade.  And  yet  there  are  some  plants,  such  as  the 
Vinca  minor y  Lythrum  Saiicariay  Inula  dysenterica, 
EpUobium  hirsutum^  and  Polygonum  Persicaria, 
that  seem  to  succeed  equally  well  in  an  atmosphere 
of  nitrogene  gas  as  in  an  atmosphere  of  common 
air.  A  plant  of  the  Lythrum  Salicaria,  selected 
for  the  purpose  of  experiment,  was  put  into  a  re- 
ceiver containing  sixty-five  cubic  inches  of  nitrogene 
gas,  of  which  it  displaced  about  one-eighth  of  a 
cubic  inch.  It  had  its  roots  immersed  in  about  an 
ounce  of  water,  and  was  exposed  to'the  fays  of  the 
sun,  when  it  grew  and  became  so  luxuriant  that  it 
was  more  than  once  necessary  to  remove  it  into  a 
larger  receiver.  But  this  luxuriance  of  growth 
seems  incompatible  with  the  previous  conclusion. 
At  the  end  of  two  months  however,  when '  the  ex- 
periment was  stopped,  the  receiver  was  found  to 
contain  the  same  quantity  of  nitrogene  gas  as  at 
the  beginning.  The  plant  could  have  derived  no 
nutriment,  therefore,  from  its  atmosphere.  But 
this  was  the  case  also  in  all  of  the  preceding  ex* 
amples.  There  was  no  diminution  in  the  original 
quantity  of  nitrogene  introduced  into  the  receiver. 
It  follows  therefore  that  nitrogene  gas,  at  least  in 
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its  pure  state,  is  not  only  iitcapablef  of  affording  a 
vegetable  aliment,  but  is  not  even  'inhaled  into  the 
plant.  But  nitrogehe  is  ibund  in  almost  all  vege^ 
tables,  particularly  in  the  wood,  in  extract,  and  in 
their  green  parts.  Whence  then  is  their  nitrogene 
derived  ?  From  the  extractive  principle  of  vegetable 
mould. 

SUBSECnOKtV. 

Hydrogene  Gas. — ^A  plant  of  the  Epilobiwn 
hirsutumj  which  was  confined  by  Priestley  in  a 
receiver  filled  with  inflammable  air  or  hydrogene, 
consumed  one-third  of  its  atmosphere  and  was  still 
green.*  Hence  Priestley  inferred  that  it  serves  as  Thought 
a  vegetable  food,  and  constitutes  even  the  true  and  i^  to  htu 
pipper  pabulum  of  the  plant.  But  the  experiments  J^^^^® 
of  later  phjrtoJogists  do  not  at  all  countenance  this 
opinion.  Saussure  introduced  a  plant  of  the  Zy- 
thrum  Salicaria  into  a  receiver  containing  sixty 
cubic  inches  of  hydrogene  gas,  and  exposed  it  to 
the  sun.  Its  vegetation  was  perhaps  somewhat 
more  vigorous  than  that  of  plants  confined  in  an 
atmosphere  of  nitrogene ;  but  it  had  abstracted 
no  nourishment  from  its  atmosphere,  nor  efiected 
any  material  change  upon  it.  For  at  the  end  of 
five  weeks  of  experiment,  when  its  asmosphere  was 
fired  by  the  electric  spark  along  with  the  proper 
quantity  of  oxygene,  the  result  was  the  formation 

♦  Priestley  on  Air,  vol.  iv.  p.  323. 
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of  Winter.    The  volnme  of  its  atmpsphere  was  in- 
deed diminished  during  the  period  of  its  vegetation} 
but  tbi9  is  to  be  accounted  for  by  another  cause^  as 
will  appear  io^tbe  course  of  tracing  the  progress  of 
vegetation.* 
Boi  fooad     Our  conclusion  therefore  must  be  that  hydr«^rene 
fftToomble  is  unfavourable  to  vegetation,  and  does  not  serve  as 
iMio^    the  food  of  plants.     But  hydrogene  is  contained 
in  plants  as  is  evident  from  their  analysis ;  and  if 
they  refuse  it  when  preisented  to  them  in  a  gaseous 
state,  in  what  state  do  they  then  acquire  it?  To  this 
question  it  is  sufficient  for  the  present  to  reply,  that 
if  plants  do  not  acquire  their  hydrogene  in  the  state 
of  gas,  they  may  at  least  acquire  it  in  the  state  of 
water,  which  is  indisputably  a  vegetable  food,  and 
of  which  hydrogene  constitutes  one  of  the  com* 
ponent  parts. 

SUBSECTION  v. 

Carbtmic  Oj»iV(f.— When  plants   were  confined 

by  Saussure  in  atmospheres  erf  c^boqic  oxide,  they 

Unfafoor-  required  pearly  the  same  condition  to  support  ve- 

abie  to  ve-      .     •  ,        t  m  •      i 

getation.  gctauon,  and  exhibited  nearly  the  same  pheno- 
mena as  in  nitrogene.  Such  as  were  deprived  qi 
their  green  parts  died  in  the  course  of  a  few  days. 
The  vegetation  of  Peas  whose  leaves  were  com- 
pletely  developed  was  languid  in  the  sun,  and  di^ 
not  succeed  at  all  in  the  shade.  The  Epilobium 
•  Sur  la  Veg*  chap.  vi.  sect.  4. 
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hirsutwnj  Lytkrum  SaHcaria^  and  Poiygomm 
Per^icaria^  vegetated  indeed  as  in  common  airt 
but  at  the  end  of  mx  weeks  of  experiment,  tbejr 
had  neither  decomposed  the  oxide  constituting 
tfaetr  atmosphere,  nor  diminished  its  qaontity.^  It 
eanndt)  therefore^  be  regarded  as  fa? ooraUa  to  ve- 
getatiosi. 

flECWOM  m. 

^  Vegetable  Extracts 

WfiBK  it  was  found  that  atmospheric  air  and 
water  are  i^ot  even  conjointly  capable  of  furnishing 
the  whole  of  the  aliment  necessary  to  the  develope* 
roent  of  the  plants  it  was  then  alleged  that,  with 
the  exception  of  water,  all  substances  constituting 
a  vegetable  food  must  at  least  be  administered  to 
the  plant  in  a  gaseous  state.  But  this  also  is  a  con- 
jecture  unsupported  by  proof;  for  even  with  re- 
gard to  such  plants  as  grow  upon  the  barren  rock, 
or  in  pure  sand,  it  cannot  be  said  that  they  receive 
no  nourishment  whatever  besides  water,  except  in  a 
gaseous  state.  Many  of  the  particles  of  decayed 
animal  and  vegetable  substances  which  float  in  the 
atmosphere  and  attach  themselves  to  the  leaves, 
must  be  supposed  to  enter  the  plant  in  solution 
with  the  moisture  which  the  leaves  imbibe ;  and 
so  also  similar  substances  contained  in  the  soil  must 

*  Sor  U  Veg.  chap.  vi.  sect  iii. 
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be  supposed  to  enter  it  by  the  root :  but  these  sub- 
stances may  certainly  contain  vegetable  nourish- 
ment ;  and  they  will  perhaps  be  found  to  be  taken 
up  by  the  plant  in  proportion  to  their  d^ree  of 
solubility  in  water  and  to  the  quantity  in  which 
they  exist  in  the  soil.    Now  one  of  the  most  im- 
portant of  these  substances  is  vegetable  extract. 
As  a  com-      When  plants  have  attained  to  the  maturity  of 
part  of      their  species,  the  principles  of  decay  begin  gradually 
^^j^     to  operate  upon  them,  till  they  at  length  die  and  are 
converted  into  the  dust  from  which  they  sprang,  thu& 
resembling  the  animal  to  whom  they  afford  support. 
The  substance  to  which  they  are  finally  converted 
has  been  denominated  vegetable  mould.     And  this, 
as  might  be  expected,  constitutes  a  considerable 
proportion  of  the  soil.     The  chance  then  is,  that  it 
« is  again  converted  into  vegetable  nourishment,  and 
Is  soluble  again  enters  the  plant.    But  it  cannot  wholly  enter 
aind  hence  the  plant  because  it  is  not  wholly  soluble  in  water. 
^'Se*^^*  Part  of  it,  however,  is  soluble  and  consequently 
root.         capable  of  being  absorbed  by  the  root,  and  that  is  the 
substance  which  has  been  denominated  extract. 

Saussure  filled  a  large  vessel  with  pure  mould  of 
turf,  and  moistened  it  with  distilled  or  rain  water 
till  k  was  saturated.  At  the  end  of. five  days,  when 
it  was  subjected  to  the  action  of  the  press,  10,000 
parts  in  weight  of  the  expressed  and  filtered  fluid 
yielded  by  evaporation  to  dryness  2fl  parts  of  extract. 
In  a  similar  experiment  upon  the  mould  of  a  kitchen- 
garden  which  had  been  manured  with  dung,  10,000 
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parte  of  fluid  yielded  10  of  extract.  And  in  a  simi- 
lar experiment  upon  mould  taken  from  a  well  cul-^ 
tivated  corn-field,  10,000  parts  of  fluid  yielded  four 
parts  of  extract.*  Such  was  the  result  in  these 
particular  cases* 

But  the  quantity  of  extract  that  may  be  separated 
from  pure  mould  formed  by  nature  upon  the  sur- 
ikce  of  the  globe  is  not  in  general  very  consider- 
able. After  12  decoctions,  all  that  could  be  separated 
from  mould  of  this  sort  was  about  -^  of  its  weight ; 
and  yet  this  seems  to  be  more  than  sufficient  for  the 
purposes  of  vegetation  :  for  a  mould  containing  this 
quantity  was  found  by  experiment  to  be  less  fertile^ 
at  least  for  Peas  and  Beans,  than  a  mould  that  con;- 
tained  only  one  half  or  two  thirds  the  quantity .-f- 

But  if  the  quantity  of  extract  must  not  be  too 
much,  neither  must  it  be  too  little.  Plants  that 
were  put  to  vegetate  in  mould  deprived  of  its  ex- 
tract, as  fiir  as  repeated  decoctions  could  deprive  it, 
were  found  to  be  much  less  vigorous  and  luxuriant 
than  plants  vegetating  in  mould  not  deprived  of  its 
extract:  and  yet  the  only  perceptible  difference 
between  them  is,  that  the  former  can  imbibe  and 
retain  a  much  greater  quantity  of  water  than  the 
latter.:}: 

From  this  last  experiment,  as  well  as  from  the  Const i 
great  proportion  in  which  it  exists  in  the  living  ^IJ^^^t^ble 
plant,  it  evidently  follows  that  extract  constitutes  a  ^j^"' 

uitrogene. 

•  Sur  la  Vfg.  chap.  v.  sect.  ii.         f  Ibid.         t  Ibid. 
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voytabte  food.  But  «trtct  eootaina  mtMgeoe; 
for  it  yislds  by  diatiliatioa  %  fluid  ioipi^Mfced  widi 
amoioDUi.  TJbft  difienlty,  thort fore,  of  ^lecowitiDg 
for  the  introductioD  d  Bitarogene  inlo  tbo  vegetaung 
plants  M^  well  as  for  its  existence  ia  the  nature 
YGgetable  substance,  is  done  away;  for  although 
the  plant  refuses  it  when  presented  in  %  gaseous 
state^  it  is  plain  that  it  must  admit  it  along  willi  tbtf 
extract. 

But  it  seems  also  probable  that  a  small  quantity 
of  carbonic  acid  g^  enters  the  plant  along  with  the 
extractive  principle,  as  it  is  known  to  contain  this 
gas  also.  The  mould  analysed  by  Sauasure  was 
quite  dry  beibre  the  cominencemant  c^  the  experi*' 
meat,  and  the  water  employed  to  mobten  it  eoa* 
tained  no  carbonic  acid.  But  the  solution  contained 
some;  for  when  it  was  mixed  with  liaie-wafeer> 
carbonate  of  line  was  precipitated,  though  not  io 
a  quantity  much  excoeding  that  of  its  precipitation 
by  spring-water  in  general.  100  cubic  inches  of 
the  solution  yielded  by  experiment  an  air  ooo- 
taining  two  cubic  inches  of  carbonic  acid  gas.  This 
is  no  doubt  a  small  proportion:  but  it  sppears 
from  a  variety  of  considerations,  that  the  quantity  | 
of  this  gas  taken  up  by  the  roots  of  plants  is  cot 
great ;  consequently  they  do  not  require  a  great  sup- 
ply from  the  soil. 
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SECTION  IV. 


Salts. 


Most  plants  ar6  f6und  by  analysis  to  contain  a  . 
certain  proportion  of  salts-^such  as  nitrate,  tnuriate, 
and  sulphate  of  potass  or  soda-^as  has  beeti  already 
shown.  How  lio  plants  acquire  them?  In  tb6 
earlier  period?  of  phytological  investigation,  wheA 
every  effect  was  attributed  to  the  agency  of  thft 
vital  principle  as  exerted  upon  the  air  and  watet 
which  the  plant  inhales  or  absorbs,  it  was  thought 
that  the  salts  contained  in  v^getaUes  are  formed  in 
the  process  of  vegetation :  but  this  is  also  ont  Of 
those  extravagant  conjectures  of  which  flirther  re- 
search has  exposed  the  absurdity;  The  s^lts  which  AbrnW 
have  been  detected  in  vegetables  atts  known  to  etist  tion. 
in  the  soil.  .  It  is  most  likely  tfterdbre  that  the  rodt 
absorbs  them  in  solution  with  the  water  by  whieh 
the  plant  is  nourished.  It  is  at  least  certain  thttt 
plants  may  be  made  to  take  up  by  the*  roots  a  don- 
siderable  proportion  of  salts  in  a  state  of  aKlflt^hd 
solution.  M.  Saussure  prepared  1 0  differcfnt  soltitions, 
consisting  each  of  40  cubic  inches  of  distilled  wate^^ 
together  with  12  grains  of  the  peculiar  salt  or  othfer 
substance  on  which  the  experiment  of  aftsorptmn  was  . 
to  be  made.  The  first  solution  contained  mufiate  of 
potass ;  the  second,  muridte  of  sochi ;  the  thirds 
muriate  of  lime ;  the  fourth^  sulphate  of  soda ;  the 
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fifths  muriate  of  ammonia ;  the  sixth,  acetate  of  lime  ; 
the  seventh,  sulphate  of  copper ;  the  eighth,  crystal- 
lized sugar;  the  tenth,  vegetable  extract*     Plants 
of  Polygonum  Persicaria  and  Bidens  cannabina 
were  then  immersed  in  each  of  these  solutions  with 
the  fpUowing  result :— In  the  solutions  of  muriate  of 
potass,  muriate  of  <soda,  sulphate  of  soda,  nitrate  of 
lime^  and  extract,  the  former  species  vegetated  in 
the  shade  for  five  weeks,  developing  their  parts; 
]but  in  the  other  solutions  they  died  in  the  course 
of  a  few  days.    The  latter  species  succeeded  or  failed 
in  nearly  the  same  way.     It  was  afterwards  found 
that  a  portion  of  the  salts  had  been  taken  up  along 
with  the  water  by  w^ich  they  were  hpld  in  solution ; 
and  if  we  suppose  the  quantity  contained  in  each  of 
the  solutions  to  be  divided  ipto  ]00  parts,  the  ratio 
of  their  absorption  may  be  shown  as  follows : — ^In 
consuming  one  half  of  the  water  assigned  to  the  ex- 
periment, plants  of  the  Polygonum  had  absorbed  14 
parts  of  muriate  of  potass,  1 3  of  muriate  of  soda,four  of 
nitrate  of  lime,  J  4  of  sulphate  of  soda,  12  of  muriate 
of  s^mmonia,  eight  of  acetate  of  lime,  47  of  sulphate  of 
copper,  nine  of  gum,  27  of  sugar,  and  five  of  extract. 
Plants  of  the  BidenshzA  absorbed  the  several  salts  in 
portions  not  very  different.^     But  without  minutely 
regarding  proportions,  the  fact  is  thus  clearly  ascer- 
tained that  plants  are  capable  of  taking  up  salts  by 
the  root,  at  least  when  presented  to  them  in  a  state 
pf  artificial  solution ;  and  if  so,  there  is  then  reason  to 
*  Sur  la  Veg.  chap.  viii.  sect.  ij. 
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presume  that  salts  are  also  taken  up  by  the  roots  of 
plants  vegetating  even  in  their  natural  habitats. 

But  if  salts  are  thus  taken  up  by  the  root  of  the  Wheiher 
v^Uting  plant,  does  it  appear  that  they  are  taken  foj^**^** 
up  as  a  food  ?  Some  plants,  it  must  be  confessed,  are 
iiuured  by  the  application  of  salts,  as  is  evident  from 
the  experiments  of  Sauasure;  but  others  are  as 
evidently  benefited  by  it.  Trefoil  and  Lucern  have 
their  growth  much  accelerated  by  the  application  of 
sulphate  of  lime,  though  many  other  plants  are  not 
at  all  influenced  by  its  action.  The  Farietaria 
Nettle,  and  Borge,  will  not  thrive  except  in  such 
soils  as  contain  nitrate  of  lime  or  nitrate  of  potass  : 
and  plants  inhabiting  the  sea  coast,  as  was  observed 
by  Da  Hamel,  will  not  thrive  in  .a  soil  that  does 
not  contain  muriate  of  soda. 

It  has  been  thought,  however,  that  the  salts  are 
not  actually  taken  up  by  the  root,  though  converted 
to  purposes  of  utility  by  acting  as  astringents  or 
corrosives  in  stopping  up  the  orifices  of  the  vessels 
of  the  plant,  and  preventing  the  admission  of  too 
much  \vater :  but  it  is  to  be  recollected  that  the 
salts  in  question  are  found  'by  analysis  in  the  very 
substance  of  the  plant,  and  must  consequently  have 
entered  in  solution.  It  has  been  also  thought  that 
salts  are  favourable  to  vegetation  only  in  proportion 
as  they  hasten  the  putrefaction  of  vegetable  sub* 
stances  contained  in  the  soil,  or  attract  the  humidity 
of  the  atmosphere.  But  sulphate  of  lime  is  not 
deliquescent ;    and  if  its  action  consist  merely  in 
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accelerating  putre&etian,  why  is  its  beneficial  ctfeeC 
confined  but  to  a  small  luiinber  of  plants  ? 

Lastlv,  sonie  writers  have  contended  tiiat  die 
salts  which  are  found  in  vegetables  are  merely  ac- 
cidental in  their  occurrence,  and  not  necessary  to  the 
health  or  perfection  of  the  individual ;  because  they 
are  found  to  exist  in  but  a  very  sinall  proportiooj 
both  in  the  soil  and  plant  r  but  as  there  are  many 
species  in  which  some  salts  are  to  be  met  with  coi^ 
•tantly  and  uniformly,  at  least  if  they  have  vegetated 
in  a  soil  in  which  they  are  found  io  thrive^  we  can 
scarcely  r^rd  their  occurrence  as  being  merdy  ae« 
cidental,  or  as  producing  no  beneficial  eifect  upon 
the  plant.  But  the  proportion  of  salts  lodged  io 
Ae  soil  is  not  so  small  as  is  generally  believed. 
Re-agents  do  not  indeed  detect  a  great  quantity  in 
general ;  but  that  is  because  the  alkaline  salti  of 
mould,  like  the  alkaline  salts  of  vegetables,  are  to 
be  discovered  chiefly  in  the  remains  of  combustion ; 
and  because  the  ashes  of  the  greater  part  of  vege- 
table moulds  do  not  readily  part  with  their  salts  in 
boiling  water.  This  difficulty  of  solution  is  thought 
by  Saussure  to  be  owing  to  a  semivitrifiustion  that 
takes  place  in  the  mould  when  the  ashes  are 
abundant.  An  hundred  parts  of  mould  fnmished  by 
combustion  50  parts  of  ashes  which  did  not  give 
out  their  salts  to  boiling  water.  But  100  parts  only 
of  dried  extract  from  the  same  mould  yielded  only 
14  parts  of  ashes ;  and  100  parts  dP  the  ashes 
formed  with  boiling  water  a  ley  which  contaaoed 


25  parts  composed  of  potass  in  an  uocMibined 
state,  and  of  alkaline  sulphates  and  muriates  a 
and  yet,  upon  further  analysis,  it  was  found  that  the 
water  had  not  extracted  more  than  one  half  of  the 
salts  which  the  ashes  contained.  The  soil,  therefore, 
contains  an  abundant  supply  of  salts  for  all  the 
pur]X>ses  of  vegetation.  It  may  even  in  some  cases 
contain  too  much  ;  foir  it  is  to  be  recollected 
thai  saliae  substances  are  beneficial  to  vegetation 
evity  when  applied  in,  very  small  quantities.  If  they 
^re  adnainistered  in  great  abundance  they  destroy 
tbe  plant. 

And  the  argument  against  tb^r  utility  that  baa 
been  diawn  from  the  small  proportion  ia  which 
they  are  found  to  exist  in  the  plant  itoelf,  is  al- 
together inadmissible;  because  it  is  very  weU 
known  that  some  particular  ing^dient  may  be 
easential  to  the  composition  of  a  body,  and  yet  coq- 
atitttte  but  a  very  small  proportion  of  its  mass. 
Atmospheric  air  contains  only  about  one  part  in  the 
100th  of  carbonic  acid ;  and  yet  no  one  will  venture 
to  affirm  that  carbonic  acid  gas  is  merely  an  adven* 
titioui  and  accidental  element  existing  by  chance  in 
the  air  of  the  atmosphere,  and  not  an  essential 
ingredient  in  its  composition.  Phosphate  of  lime' 
coD^titutes  but  a  very  small  proportion  of  animal 
bodies,  perhaps  not  one  pai^  in  SOO ;  and  yet  no 
one  doubts  that  it  is  essential  to  the  composition  of 
the  bones*    But  the  same  salt  is  found  iii  the  ashes 
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of  all  vegetables  ;*  and  who  will  say  that  it  is  not 
essential  to  their  perfection  ? 


SECTION  V. 
Earths. 

As  most  plants  have  been  found  by  analysis  to 
contain  a  portion  (^  alkaline  or  earthy  saltsy  so  most 
plants  have  been  found  to  contain  also  a  portion  of 
earths:  and  as  the  two  substances  are « so  nearly 
related,  and  so  foreign  in  their  character  to  vege* 
table  substances  in  general,  the  same  inquiry  has 
consequently  been  made  with  r^ard  to  their  origin. 
Whence  are  the  earths  derived  that  have  been  found 
to  exist  in  plants  ? 
Whether  It  seems  to  have  been  the  opinion  of  Lampadius 
the  pro-  ^hat  the  earths  contained  in  plants  are  merely  the 
TMctoiion.  ?^^  ^^  vegetation,  and  altogether  independant  of 
the  soil  in  which  they  grow :  and  extravagant  as 
the  opinion  is,  it  has  been  made  to  assume  the  sem- 
bjance  of  resting  upon  experiment.  Lampadius 
prepiared,  in  his  garden,  five  small  beds  of  four  feet 
square  in  surface  by  one  in  depth ;  each  bed  con- 
sisted of  a  pure  earth  mixed  with  eight  pounds  of 
cow-dung.  The  earths  were  alumine,  silica,  lime, 
magnesia,  and  garden  mould.  They  were  sown 
with  Rye,  and  the  produce  of  each  was  separately 
*  Saus.  sur  la  Veg.  chap.  viii.  sect.  iv. 
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seduced  to  ashes.  But  the  same  principles  were 
found  in  them  all ;  amongst  which  was  a  portion  of 
silica ; — whence  Lampadius  concluded  that  the  silica 
found  in  plants  is  merely  the  result  of  v^etation, 
having  no  relation  whatever  to  the  soil  in  which  the 
plants  grow. 

But  this  conclusion  was  by  much  too  hasty^  and 
has  been  since  shown  to  be  most  palpably  erroneous ; 
because  Lampadius  does  not  take  into  the  calcula- 
tion the  constitutent  principles  of  the  cow-dung 
with  which  his  earths  were  mixed,  the  very  sub- 
stance from  which  his  plants  must  have  derived  the 
greater  part  of  their  nourishment.  If  this  precau* 
tion  had  been  ta^en,  his  conclusion  must  have  been 
very  different :  for  it  has  been  ascertained  by  Ruc- 
kert  that  dung  does  actually  contain  a  portion  of 
silica  ;*  which  in  the  case  of  cow-dung  will  appear 
the  less  surprising  if  it  is  only  recollected  that  ihe 
plants  which  cows  principally  feed  on  .do  themselves 
contain  a  portion  *  of  silica.  To  the  cow-dung, 
therefore,  with  which  the  different  earths  were 
manured,  the  orjgin  of  silica  may  be  traced.  It  was 
thus  of,  necessity  found  in  them  all,  though  not 
perhaps  in  an  equal  proportion. 

Saussure,    in    adverting  to  the  experiment    ofTheopi- 
Lampadius,  exposes  indeed  the  absurdity  of  his"^^/'*" 
conclusion ;  but  deduces  from  it  another  which  is 
perhaps  equally  exceptionable — namely,  that  plants 
growing  in  calcareous  and  granitic  sand,  mixed  with  * 
•  Sur.  la  Vcgct.  chap.  ix.  sect,  iiu 
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the  same  manure  or  mould,  will  produce  equ^t 
quantities  of  ashes.  But  this  supposes  manures  to 
have  the  same  action  upon  all  soits,  which  is  surely 
sot  the  fact :  and  if  there  be  any  manure  that  actt 
on  a  calcareous  soil,  without  acting  at  all  on  a  grani*- 
tic  soil,  then  the  quantity  of  ashes  will  be  altered 
in  the  former  case,  from  that  very  circumstance ; 
because  the  plant  is  now  nourished  not  only  by  the 
manure  that  was  committed  to  the  soil,  but  from 
the  origina}^  soil  itself^  in  its  state  of  combination 
with  the  manure. 
Abiorbed  The  earths,  then,  that  are  contained  in  vegetables 
S)D?"'  are  derived  chiefly  from  the  soil:  but  in  what 
peculiat  state  of  combination  do  they  enter  the 
vessels  of  the  plant  ?  The  state  most  likely  to  faci^ 
litate  their  absorption  is  that  of  their  solution  Itt 
lyater,  in  which  all  the  earths  hitherto  found  m 
plants  are  known  to  be  in  a  slight  degree  soluble. 

Lime  is  soluble  in  water  with  the  aid  of  a  little 
carbonic  acid,  in  the  proportion  of  about  -^4^  part 
of  its  weight ;  but  it  is  also  soluble  even  without 
the  aid  of  the  acid,*  and  the  solution  is^known  by 
the  name  of  lime-water.  Clay  is  soluble  in  water 
by  means  of  the  mineral  acids ;  and  also,  though 
very  sparingly,  in  pure  water,  from  which  even  the 
fiHre  cannot  abstract  it.'f'  Silica  is  soluble  in  water 
by  means  of  carbonate  of  potass,  as  is  evident  from 
Black*s  analysis  of  the  waters  of  Geyser  in  Iceland. 
It  is  soluble  also  in  pure  water  according  to  the 
•  Scneb.  Phjs.  Veg.  vol.  iii.  p.  17^  t  Ibid. 


eaalyaks  of  KUpKoUi ;  and  in  that  state  of  division 
in  virbick  it  is  precipitated  fnom  its  solution  in  fixed 
%lkaU$8^  it  19  perfectly  soluble  in  1000  parts  of 
Walter,*  Magnesia  is  soluble  in  water  by  means  of 
tile  mineral  acids,  and  efen  in  pure  water,  in  very 
small  quantities ;  requiring  about  2000  times  its 
weiglit  to  hold  it  in  solution. 

All  the  earths,  tben>  found  in  plants  aie  less  or 
more  soluble  in  water.    And  if  it  be  said  that  the 
pro|X)rtion  in  which  they  are  soluble  is  so  very  small 
that  it  scarcely  deserves  to  be  taken  into  the  account^ 
it  is  to  be  recollected  that  the  quantity  of  water 
absorbed  by  the  plant  is  great,  while  that  of  the 
earth  necessary  to  its  health  is  but  Httle^  so  that  it 
may  easily  be  acquired  in  the  progress  of  vegetation. 
Such  k  the  manner  in  which  their  absorptaon 
seems  practicable :  but  the  folbwing  experimentB 
tiShrd  a  preanmption  that  diey  are  actually  absovfaed 
by  the  root    Woodward  took  three  plants  of  Speaiw 
mint^  one  of  which  he  made  to  vegetafap  in  distilled 
or  pwe  water ;  another  in  river  water ;  and  a  thirds  in 
wnter  mixed  with  mould.    At  the  commencement 
qC  the  experiment  the  first  plant   weighed   114 
l^ins ;  at  the  end  of  the  experiment  it  weighedl 
155  ((rains,  being  augmented  by  41  grains.    The 
water  ^(pended  was  8863  grains,  and  the  increase 
as  1*814  +•     At  the  commencement  Of  the  ex- 
periment, the  second  plant  weighed  18  grains,  at 
the  end  S4k  graina,  being  augmented  by  26  grains. 
*  Kirwan's  Miner,  vol.  i.  p.  ICt 
1 


7B  ^OOD  OF  THE  VEGETATING  PLANT.  CHAP.  11. 

The  water  expended  was  2493  grains^  and  the  in* 
crease  as  1  :  95  +.  At  the  commencement  of  the 
experiment  the  third  plant  weighed  Q2  grains,  at 
the  end  376  grains,  being  augmented  by  284  grains. 
The  water  expended  was  14950  grains,  and  the 
increase  as  1  :  52  +  •* 

From  the  greater  proportional  augmentation  of 
the  plant  to  which  the  mould  had  access,  we  may 
infer  the  beneficial  effect  of  the  earths  as  applied  to^ 
the  root,  and  perhaps  the  absorption  of  a  part;  par- 
ticularly as  it  is  known  that  the  proportion  of  earths 
contained  in  the  ashes  of  vegetables  depends'  upon 
the  nature  of  the  soil  in  which  they  grow.  The 
ashes  of  leaves  of  the  Rhododendron  Jerrugineum^ 
growing  on  Mount  Jura,  a  calcareous  mountain, 
yielded  43'25  parts  of  earthy  carbonate,  and  only 
0'75  of  silica.  But  the  ashes  of  leaves  of  the  same 
plant,  growing  on  Mount  Breven,  a  granitic  moun- 
tain, yielded  two  parts  of  silica,  and  only  1675  of 
earthy  carbonate. 

It  is  probable,  however,  that  plants  are  not  in- 
debted merely  to  the  soil  for  the  earthy  particles 
which  they  may  contain.  They  may  acquire  them* 
partly  from  the  atmosphere.  Margray  has  shewn 
that  rain  water  contains  silica  in  the  proportion  of  a 
grain  to  a  pound ;  which,  if  it  should  not  reach  the 
root,  may  possibly  be  absorbed  along  with  the  water 
that  adheres  to  the  leaves. 

But  although  the  earths  are  thus  to  be  regarded 
♦  Phil.  Trans,  vol.  xxi.  p.  20a  Saus.  sur  la  Veg.  chap,  ix,  sect.  iii. 
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as  oonAtituting  a  small  proportion  of  vegetable  food,  Wheiliec 
they  are  not  of  themselves  sufficient  to  support  die  °'*^'^'**"* 
plant,  even  with  the  assistance  of  water.  Giobert 
mixed  together  lime,  alumine,  silica^  and  magnesia, 
in  such  proportions  as  are  generally  to  be  met  with 
in  fertile  soils,  and  moistened  them  with  watet* 
Several  diffisrent  grains  were  then  sown  in  this 
artificial  soil,  which  germinated  indeed,  but  did  not 
thrive;  and  perished  when  the  nourishment  of  the 
cotyledons  was  exhausted.  It  is  plain,  therefore, 
that  the  earths,  though  beneficial  to  the  growth  of 
some  vegetable^,  and  perhaps  necessary  to  the 
hedth  oi  others,  are  by  no  means  capable  of  afibrd- 
ing  any  considerable  degree  of  nourishment  to  the 
plant* 

SECTION  VL 

Manures. 

As  the  object  of  the  preceding  sections  has  been 
that  of  exhibiting  a  brief  view  of  the  difierent  species 
of  vegetable  food,  whether  it  be  regarded  as  derived 
from  the  soil  or  the  atmosphere ;  so  the  object  of  the 
present  section  will  be  that  of  showing  how  the  food 
necessary  to  the  support  of  the  vegetating  plant  may 
be  supplied  when  defective,  or  restored  when  ex- 
hausted :  but  this  unavoidably  involves  the  subject 
of  manures,  or  artificial  preparations  of  vegetable 
food,  so  important  to  the  advancement  of  agriculture, 
and  consequent  interest  of  mankind. 

4 


80  FOOD  OF  THE  VBGBTATINi^  PLANT.    CHJ^.  tT* 

What  ini-  Wid»  regard  lo  the  food  of  plants  derinsd  ftotn 
^^*  the  atmosphere,  tb^  supply  is  pretty  regulat ;  at  least, 
in  as  far  as  the  gases  art  concenied ;  for  they  are 
»ot  found  to  vary  materially  in  their  proportions  oft 
any  part  of  the  sarfaea  of  tlie  globe:  but  the 
quantity  of  moistttre  contained  in  the  atmosphere  w 
eoAtinually  varying,  so  that  in  the  same  season  yoH 
have  not  alwajrs  the  same  quantity,  thongh  in  the 
course  of  the  year  the  deficiency  is  pethaps  made 
iip^  From  the  atmosphere,  therefore,  thire  is  a  re* 
gular  snpply  of  vegetable  food  kept  ttp  by  nature 
for  the  support  of  veg^ble  life,  independent  of  the 
aid  of  man :  and  if  human  aid  were  even  wanted, 
it  does  not  i^pear  that  it  could  be  of  much  avail. 
But  this  is  by  no  means  the  case  with  regard  to 
CoinpoBi-  soils ;  for  if  soils  are  less  regular  in  their  composi- 
{•^^^il  "■  tion,  they  are  at  least  more  within  the  reach  of 
human  management.  We  have  already  seen  the 
materials  of  which  soils  are  composed :  but  what 
are  the  proportions  of  the  materials  in  soils  best 
suited  for  culture?  According  to  the  analysis  of 
Bergman,  the  soil  best  suited  for  culture  conteina 
four  part4  of  day,  three  of  sand,  two  of  calcareoua 
earth,  and  one  of  magnesia :  and,  according  to  the 
analysis  of  Fourcroy  and  Hassenbratz,  92l6  parts 
of  fertile  soil  contained  305  parts  of  carbon,  togathei^ 
with  279  pstrts  of  oil ;  of  which,  according  to  the 
calculations  of  Lavoisier,  220  parts  may  be  regarded 
as  carbon :  so  that  the  whole  of  the  carbon  eoatained 
in  the  soil  in  question  may  be  estimated  at  about 
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32S  part$»  ex^iumte  4>f  the  roots  of  v^etable*-or  to 
abovt  -^  iof  iM  wei^. 

Mn  Young  observed  that  equal  weights  of  differ- 
ent soils^  wbeo  dried  and  reduoed  to  powder^  yielded 
by  distittatieii  quantities  of  air  somewhat  oonre^ 
spondiog  to  the  r«tio  of  their  values.  The  air  was  a 
mixture  of  fixed  and  inflaoimable  airs^  proceedii^ 
probably  from  deeompo^ioo  of  the  water;  but 
partly,  I  should  presume,  fix>ai  its  capacity  of  ab- 
stracting «  fiortioB  of  air  from  the  atmdsphere^  which 
the  soil  at  Wast  is  capable  of  doing. 

The  fbllowing  is  the  analyais  of  a  fertile  soil,  as 
ocounung  in  the  neighbourhood  of  Bristol.  In  400 
grains,  there  were  of 

Water.  ....^ 52 

Silicious  sand. .  •  • 240 

Vegetable  fibre. 5 

■  ' I'  extract. S 

Alumine • •   48 

Magnesia 2 

Oxide  of  iron 14 

Calcareous  earth 30 

Loss *  6 

Total 400* 


But  Mr.  Kirwan  has  shown  in  his  Geological  Fertility  . 
Essays,  that  the  fertility  of  a  soil  depends  in  a  great  upl^^eaa- 

ciiy. 
*  Agricultural  Magazine,  Aprrl,  1S08. 
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measure  upon  its  capacity  for  retaining  water :  and 
if  SO,  soils  containing  the  same  ingredients  must  be 
also  equally  fertile,  all  other  circumstances  being 
the  same ;  though  it  is  plain  that  their  actual  fertility 
will  depend  ultimately  upon  the  quantity  of  rain 
that  falls,  because  the  quantity  suited  to  a  wet  soil 
cannot  be  the  same  that  is  suited  to  a  dry  soil.     And 
hence  it  often  happens  that  the  ingredients  of  the 
soil  do  not  correspond  to  the  character  of  the  cli* 
mate.    Silica  exists  in  the  soil  under  the  modification 
of  sand,  and  alumine  under  the  modification  of  clay. 
But  the  one  or  the  other  is  oflen  to  be  met  with  in 
'  excess  or  defect.     Soils  in  which  the  sand  prepon- 
derates retain  the  least  moisture ;  and  soils  in  which 
the  clay  preponderates  retain  the  most:  the  former 
are  dry  soils ;  the  latter  are  wet  soils.     But  it  may 
happen  that  neither  of  them  is  sufficiently  &vour- 
able  to  culture ;  in  which  case  their  peculiar  defect 
or  excess  must  be  supplied  or  retrenched  before  they 
can  be  broyght  to  a  state  of  fertility. 
Poororex-      But  soils  in  a  state  of  culture,  though  consisting 
soUsanie-  Originally  of  the  due  proportion  of  ingredients,  may 
horatcd,     y^^  become  exhausted  of  the  principle  of  fertility  by 
means  of  *too  frequent  cropping,  whether  by  repeti- 
tion or  rotation  of  the  same,   or  of  different  crops. 
And  in  this  case,   it  should  be  the  object  of  the 
phytologist,  as  well  as  of  the  practical  cultivator,  to 
ascertain  by  what  means  fertility  is  to  be  restored  to 
an  exhausted  soil ;  or  communicated  to  a  new  one. 
By  drain-       In  the  breaking  up  of  new  soils,  if  the  ground  has 
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been  wet  or  manhy^as  is  frequently  the  case^it  is  often  bg,  Imuhp 
sufficient  to  prepare  it  merely  by  means  of  draining  '"^ 
off  the  superfluous  and  stagnant  water^  and  of  paring 
and  burning  the  turf  upon  the  surface.  This  mode  of 
preparation  is  at  present  much  practised  throughout 
Sngland,  but  particularly  in  Yorkshire  and  Lincoln- 
shire, as  being  the  best  suited  to  the  character  of 
the  soil  of  these  counties  that  remains  to  be  taken 
into  cultivation. 

If  the  soil  has  been  exhausted  by  too  frequent  a 
repetition  of  the  same  crop,  it  ofien  happens  that  a 
change  of  crop  will  answer  the  purpose  of  the  culti- 
vator; ;for  although  a  soil  may  be  exhausted  for 
one  sort  of  grain^  it  does  not  necessarily  follow  that 
it  is  also  exhausted  for  another.  And  accordingly, 
the  practice  of  the  &rmer  is  to  sow  his  crops  in  ro- 
tation, having  in  the  same  field  a  crop,  perhaps,  of 
wheat,  barley,  beans,  and  tares  in  succession ;  each 
species  selecting  in  its  turn  some  peculiar  nutriment, 
or  requiring,  perhaps,  a  smaller  supply  than  the  crop 
that  has  preceded  it.  Bdt  even  upon  the  plan  of 
rotation,  the  soil  becomes  at  length  exhausted,  and 
the  cultivator  obliged  to  have  recourse  to  other  means 
of  restoring  its  fertility. 

In  this  case,  an  interval  of  repose  is  considerably  RepoM, 
efficacious,  as  may  be  seen  from  the  increased  ferti-  {fJn^'^g. 
lity  of  fields  that  have  not  been  ploughed  up  for 
many  years,  such  as  those  used  for  pasture  ;  or  even 
from  that  of  the  walks  and  paths  in  gardens  when 
they  are  again  broken  up.    Hence  also  the  practice 
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of  Allowing,  and  of  trendting  or  6eep  ploughtngy 
\¥bich  must  have  nearly  the  waie  efiact. 

If  any  one  asks  how  the  fertility  of  a  soil  is 
restored  by  the  means  now  stated^  it  will  be  svffi- 
cient  for  the  object  of  the  present  section  to  reply 
that^  in  the  case  of  draining,  the  ameliomtion  is 
e&cted  by  means  of  its  carrying  off  ail  such  supeiv 
fluotts  moisture  as  may  be  lodged  in  the  soil,  whtdi  is 
well  known  to  foe  prejudicial  to  plants  oot  naturally 
aquaticsi  as  well  as  by  rendering  the  soil  more  firm 
and  compact.  In  the  case  of  bitrning,  the  ameliora- 
tion is  effected  by  means  of  tbe  decomposition  of 
the  vegietable  sub^ances  contained  in  the  tur^  «nd 
subjected  to  the  action  of  the  fire^  which  disperses 
part  ^Bo  of  the  euperflnous  moisture^  bnt  kaves  a 
residue  of  ashes  favourable  to  liitaneTegetaftion.  In 
the  case  of  the  rotation  of  crops^  the  fertility  is  not 
so  much  restored  as  more  completely  developed  and 
brought  into  action ;  because  the  soil^  thou^  ex* 
bausted  for  one  species  of  grain,  is  yet  fbond  to  he 
sufficiently  fertile  for  another,  .the  food  necessary  to 
each  being  different,  or  required  in  less  abundance. 
In  the  case  «f  the  repose  of  the  soil,  the  restored 
fertility  may  be  owing  to  the  decay  of  vegetable 
substances  that  are  pot  now  carried  off  in  the  annual 
crop,  but  left  to  augment  the  proportion  of  vegetable 
mould ;  or  to  the  accumulation  of  fertilizing  parti* 
cles  conveyed  to  the  soil  by  rains  ;  or  to  the  con- 
tinoed  abatraction  of  oxygen  from  the  atmosphere. 
In  the  case  of  fidlows,  it  is  owing  uadoubtedly  to  the 


acticm  of  the  atmospheric  «ir  uppn  the  soil,  whether 
in  rendering  it  more  friable^  or  in  hastening  die 
putrefiiGtion  of  noxiom  plants ;  or,  it  ia  owing  to  the 
abatraction  and  acousiiilation  of  oxygene.  In  the 
caac  of  trenohing,  it  ia  owing  to  the  increased  factlit)r 
with. which  the  roots  can  now  penetrate  tP  the  pro- 
per depth ;  and  in  the  case  of  deep  plough>tig»  i*  is 
owingy  as  it  would  appear,  to  the  same  cauae. 

But  it  often  happens  that  the  soil  ean  no  longier  B^theap- 
be  ameliorated  by  any  of  the  fov^oing  means.^  and  mmii^^ 
in  this  case  there  moat  be  a  direct  and  actual  appli- 
tion  made  to  it  of  such  substances  as  are  fitted  to 
restore  its  fertility.  And  hence  the  indispensable 
necessity  of  manures,  which  consist  chiefly  of  ani- 
mal and  vegetable  remains  that  are  buried  and 
finally  decomposed  in  the  soil,  from  which  they 
are  afterwards  absorbed  by  the  root  of  the  plants  in 
8  state  of  solution. 

But  as  carbon  is  the  priocipal  ingredient  fomished 
by  mannres  as  contributing  to  the  nourishment  of 
the  plant,  and  is  not  itself  soluble  in  water,  nor  evw 
disengaged  by  fermentation  in  »  state  of  purity; 
under  what  state  of  chemical  combination  is  its 
solution  effected  ?  Is  it  effected  in  the  state  of  chas- 
coatl  ?  It  has  been  thought,  indeed,  that  carbon  in 
the  state  of  charcoal  is  aolubk  in  water ;  becatne 
water  from  a  dunghill,  when  erapprated,  constantly 
leaves  a  residuum  of  charcoal,  as  was  first  ascertained 
by  the  experiments  of  Hassenfratz.  Bot  there  seem 
to  be  reasons  for  doubting  the  legitimacy  of  the 
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oonclusion  that  has  been  drawn  from  it ;  for  Sene- 
bier  found  that  plants  whose  roots  were  immersed  in 
water  took  up  less  of  the  fluid  iri  proportion  as  it 
was  mixed  with  water  from  a  dunghill.*  Perhaps 
then  the  charcoal  of  water  from  a  dunghill  is  held 
merely  in  suspension^  and  enters  the  plant  under 
some  other  modification. 

But  if  carbon  is  not  soluble  in  water  in  the  state 
of  charcoal,  in  what  other  state  is  it  soluble  ?  It  is 
soluble  in  the  state  of  carbonic  acid  gas.  But  is 
this  the  state  in  which  it  actually  enters  the  root  ? 
Opinion  of  On  this  subject  ph3rtologists  have  been  somewhat 
divided  in  opinion.  Senebier  endeavours  to  prove 
that  carbonic  acid  gas^  dissolved  in  water^  supplies  the 
roots  of  plants  with  almost  all  their  carbon^  and 
founds  his  arguments  upon  the  following  facts  :— 
In  the  first  place  it  is  known  that  carbonic  acid  gas 
18  soluble  in  water ;  in  the  second  place  it  is  known 
to  be  contained  in  the  soil^  and  generated  by  the 
fermentation  of  the  materials  composing  manures  ;^ 
and  in  the  next  place  it  is  known  to  be  beneficial 
to  vegetation  when  applied  artificially  to  the  roots, 
at  least  in  a  certain  degree.  This  is  evident  from 
the  following  experiment  of  Ruckert,  as  well  as  from 
several  experiments  of  Saussure's,  previously  related. 
Ruckert  planted  two  beans  in  pots  of  equal  dimen- 
sions^fiUed  with  garden  mould ;  the  one  was  moist* 
ened  with  distilled  water,  and  the  other  with  water 
impregnated  with  carbonic  acid  gas.    But  the  latter 

*  Phyt.  Veg.  vol.  iii.  p.  I54f*      f  Ibid,  vol.  iii.  p.  55, 
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appeared  above  ground  nine  days  sooner  than  the 
former,  and  produced  25  beans ;  while  the  former 
produced  only  15.  Now  the  result  of  this  experi- 
ment^ as'  well  as  the  preceding  facts,  is  evidently 
&vourable  to  the  presumption  of  Senebier,  and  shows 
that  if  carbonic  acid  is  not  the  state  in  which  carbon 
enters  the  plant,  it  is  at  least  a  state  preparatory  to 
it;  and  there  are  other  circumstances  tending  to 
corroborate  the  opinion,  resulting  from  the  analysis 
of  the  ascending  sap  of  plants.  The  tears  of  the 
Vine,  when  analysed  by  Senebier,  yielded  a  portion 
of  carbonic  acid  and  earth  ;*  and  as  the  ascending 
sap  could  not  be  supposed  to  have  yet  undergone 
much  alteration,  the  carbonic  acid,  like  the  earth, 
was  probably  taken  i4p  from  the  soil. 

,But  this  opinion,  which  seems  to  be  so  firmly  Contro- 
established  upon  the  basis  of  experiment,  Hassen-  HuMn-^ 
frata  strenuously  controverts.     According  to  experi-  ^^^* 
ments  which  he  had  instituted  with  an  express  view 
to  the  investigation  of  this  subject,  plants  which 
were  raised  in  water  impregnated  with  carbonic  acid 
differed  in  no  respect  from  such  as  grew  in  pure 
water,  and  contained  no  carbon  that  did  not  pre- 
viously exist  in  the  seed.     Now  if  this  were  the 
fact,  it  would  be  decisive  of  the  point  in  question.    « 
But  it  is  plain  from  the  experiments  of  Saussqre,  as 
related   in  a  preceding   section,    that    Hassenfratz 
must  have  been  mistaken  both  with  regard  to  the 
utility  of  carbonic  acid  gas  as  furnishing  a  vegetable 
*  SeDeb.  Pfays.  Veg.  vol.  iii.  p.  55. 
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aliment,  awd  with  regard  to  the  augrtienti^tion  of 
carbon  in  the  plant.  The  opinion  of  Senebier,  there- 
fore, may  still  be  correct. 
CoDjec-  It  must  be  acknowledged,  however^  that  the  subject 
TTiomion.  ^^  ^^^  Y^^  altogether  satisfactorily  cleared  up;  and 
that  carbon  may  certainly  enter  the  jpflant  m  some 
state  different  from  that^  either  of  charcoal  inr  solution^ 
or  of  carbdnic  acid  gas.  Is  not  the  carbonic  acid  of 
the  soil  decomposed  before  entering  the  planit  ?  This 
is  a  conjecture  of  Dr.  Thomson's,  founded  upon  the 
following  facts : — ^The  green  oxide  of  iron  is  capable 
of  decomposing  carbonic  acid ;  and  many  soils  con- 
tain that  oxide.  Most  soils  indeed  contain  iron, 
either  in  the  state  of  the  brown  or  green  oxide,  and 
it  has  been  found  that  oils  contert  the  brown  oxide 
into  green. ^  Bot  dung  and  rich  soils  contain  a 
quantity  of  oily  substance.  One  effect  of  manures, 
therefore,  may  be  that  of  reducing  the  brown  oxide 
of  iron  to  the  green,  thus  rendering  it  capable  of 
decomposing  carbonic  acid  gas,  so  as  to  prepare  it 
for  some  new  combination,  in  which  it  may  serve  as 
an  aliment  for  plants.  All  this,  however,  is  but  a 
conjecture ;  and  it  is  more  probable  that  the  carbonic 
acid  of  the  soil  enters  the  root  in  combination  with 
some  other  subfitance^  and  is  afterwards  decomposed 
within  the  plant  itself. 

•  Thomson's  Chemistry,  vol.  iv.  p.  3S4. 
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CHAPTER  III. 

OF  THE    PROCESS   OF   NUTRITION. 

In  the  foregoing  chapter  I  have  enumerated  the 
substances  constittiting  the  principal  food  of  plantSi 
as  dedocible  from  the  observations  and  experifneiyts 
of  the  best  phyt<>fogicaI  cheinisfts.  But  this  enu^ 
meration  serves  only  as  a  step  to  conduct  us  to 
further  inquiries.  For  it  is  necessary  to  know  not 
only  in  what  the  food  of  plants  consists,  but  also  by 
what  means  that  food,  whether  lodged  in  the  soil  or 
wafted  through  the  atmosphere,  is  taken  up  by  the 
plant,  conveyed  to  its  diflerent  parts,  and  elaborated 
so  as  to  prepare  it  for  final  assimilation.  The  inves^ 
tigation  of  these  topics  shall  form  the  subject  of  the 
several  following  sections. 


SECTION  I. 
IntrO'Susccptioru 

As  plants  have  no  organ  analagous  to  the  mouth  Effecied 
of  animals  enabling  them  to  take  up  the  nourish-  TOrcs*of 
ment  necessary  to  their  support,  by  what  means  do  ^''5«p»«'«'- 
they  effect  the  iutro-susception  of  their  food  ?     In 
our  anatomical  analysis  of  the  vegetable  structure, 
it  was  found  that  the  whole  of  the  parts  of  the  plants 
the  root,  stem,  branches,  leaVes,  flower,  and  fruit. 


go  PROCESS  OF  NUTRITION.  CHAP.  III. 

are  covered  with  an  epidermis,  or  fine  and  transpa- 
rent pellicle,  which  has  been  described  by  some 
phytologists  as  being  of  so  close  and  compact  a 
texture  that  the  eye,  aided  even  by  the  best  micro- 
scopes, is  unable  to  discover  in  it  the  slightest  vestige 
of  pores  or  apertures.  Hedwig  and  DecandoUe 
have,  however,  detected  pores  in  the  epidermis  of 
the  leaves  of  many  plants,  and  they  may  readily  be 
detected  by  any  one  who  will  be  at  the  trouble  of 
employing  the  same  means.  It  does  not  appear 
that  any  pores  have  been  yet  detected  in  the  epider- 
mis of  the  root ;  though  we  must  not  on  that  account 
.  conclude  that  it  is  not  porous.  We  must  even^  on 
the  contrary,  admit  that  it  is  furnished  also  with 
pores,  as  well  as  the  epidermis  of  the  leaf;  because 
the  whole  of  the  nourishment  which  the  plant  de- 
rives from  the  soil  must  of  necessity  pass  through  it. 
AbK>rbiiig  But  if  the  pores  of  the  epidermis  are  so  very  fine 
floidB.  "**  as  either  to  elude  the  sight,  or  to  be  discoverable 
only  by  the  application  of  the  highest  magnifying 
powers,  they  can  be  permeable  only  to  fluids ;  and 
if  so,  then  the  food  of  the  plant  can  be  taken  up 
only  by  absorption  or  inhalation,  as  the  chyle  into 
the  animal  lacteals,  or  the  air  into  the  lungs.  The 
former  term  will  be  applied  to  the  intro-susception 
of  non-elastic  fluids ;  the  latter,  to  that  of  gaseous 
fluids. 
Non-du-  Of  the  fact  of  the  absorption  of  non-elastic  fluids 
aUorbed  ^^  ^^  .epidermis  of  plants  any  one  may  easily 
satisfy  himself,  merely  by  immersing  in  water  a  plant 
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of  almost  any  species  of  moss  that  has  been  some 
time  gathered,  or  long  exposed  to  droughty  so  as  to 
have  had  its  leaves  shrivelled  up.  The  moisture 
will  immediately  begin  to  ooze  through  the  epider- 
mis, and  the  plant  to  resume  its  original  form  and 
verdure. 

But  has  any  of  the  moisture  thus  absorbed  passed  By  the 
through  the  root  ?     If  the  bulb  of  a  hyacinth  is 
placed  on  the  orifice  of  a  glass  bottle  filled  with 
water,  so  as  that  the  radicles  only  shall  be  immersed, 
the  water  is  imperceptibly  exhausted,  and  the  plant 
grows :  the  moisture  must  consequently  have  passed 
through   the   root.     The  following  experiment  of 
Hales  proves  not  only  the  fact,  but  also  the  extra- 
ordinary energy  of  the  absorbent  power  of  the  root. 
Having  laid  bare  the  root  of  a  pear  tree  half  an  inch 
in  diameter,  and  luted  to  it  a  tube  of  glass,  one 
inch  in  diameter  and  eight  inches  long,  to  which 
was  luted  also  another  tube  a  quarter  of  an  inch  in 
diameter  and   1 8  inches  long,  he  filled  both  with 
water,  and  immersed  the  extremity  in  a  cistern  of 
mercury.     The  result  was,  that  the  absorption  of 
water  by  the  root  was  so  rapid  that  the  mercury 
rose  eight  inches  in  the  space  of  six  minutes.* 

But  moisture  is  absorbed  also  by  the  leaves  as  BythelMr. 
well  as  root.  Du  Hamel  cut  off  several  branches 
from  several  trees  of  different  species,  and  covered 
the  surface  of  the  section  with  mastic.  The  conse* 
quence  was  that  the  branches  soon  began  to  exhibit 
•  Veg.  Stat.  Expcr.  xxi. 
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a  faded  and  sickly  appearance.     Some  of  them  were 
then  removed  to  damp  situations^  and  others  to  dry 
situations^  to  know  what  the  effiret  of  such  removal 
might  be.  The  former  gave  incHcations  of  recovery, 
the  latter  of  continued  decay.*     It  is  platin,  there- 
fore, that  in  the  former  case  moisture  must  have  been 
absorbed  from  the  atmosphere  by  means  of  the 
epidermis  of  the  leaf,   or  at  least  of  the  branch. 
Mariotte  cut  off  from  a  tree  a  branch  terminating  in 
two  boughs,  which  he  suspended  upon  the  edge  of  a 
vessel  filled  with  water,  so  as  that  the  one  was 
within  and   the  other  without   the.  vessel.      The 
former  preserved  its  verdure  for  several  days,  but  the 
latter  began  almost  immediately  to  wither. 
Esperi-         But  the  most  complete  set  of  experiments  upon 
Bonnet,     the  absorbent  power  of  leaves  which  has  hitherto 
appeared  is  that  of  M.  Sonnet,  of  Geneva.     Satisfied 
that  leaves  are  furnished  with  absorbent  organs  for 
the  purpose  of  the    intro-susception   of  moisture, 
as  deducible  from  the  experiments  of  Hales  and 
Guettard,  his  object  was  that  of  ascertaining  whether 
the   absorbent  power  of  both  surfaces  was  alike. 
With  this  view  he  filled  several  vessels  with  water, 
on  the  top  of  which  he  placed  a  number  of  leaves, 
some  having  the  upper,  and  others  the  under  surface 
applied  to  the  water,  so  as  that  they  only  floated  in 
it  but  were  not  immersed.     If  the  leaf  retained  its 
verdure  longest  with  its  upper  surface  applied  to  the 
water,  the  absorbing  power  of  the  upper  smr&ce  was 
•  Phy.  des  Arb.  liv.  ii.  chap,  iii. 
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to  be  regarded  as  the  greatest ;  but  if  it  retained  its 
verdure  longest  with  the  under  sovfiice  applied  to 
the  frater^  then  the  absorbing  power  of  the  under 
surface  was  to  be  regarded  as  the  greatest.  The 
experiment  was  made  in  the  spring  and  autumn^  the 
temperature  being  between  five  and  ten  of  Reaumur; 
and  the  leaves  employed  being  such  as  were  fully 
expanded.     The  result  was  as  follows  :— 

Out  of  fourteen  herbs  of  different  genera  selected  On  the  der 
for  the  purpose  of  experiment,  the  leaves  of  suil— *the  {^^^  ^ 
jtrum  maculaiumy  Kidney  Bean,  Sun^wer,  Cab-  **"**^ 
bage,  Spinach,  and  small  Mallow-— were  indifferent 
tethe  mode  in  which  they  were  applied  to  the  water, 
and  were  found  to  retain  their  verdure  equally  long 
whether  moistened  by  the  upper  or  under  surface. 
The  reat — the  Plantain^  white  Mullein,  great  Mallow, 
t^  Nettle,  Cockscomb,   purple-leaved  Amaranth^ 
Marvel  of  Peru,  and  Balm~-were  not  indiflerent  to 
the  mode  in  which  they  were  applied  to  the  water^ 
but  retained  their  verdure  longest  when  moistened 
by  tlie  upper  surface. 

The  following  are  the  most  remarkable  examples 
of  the  relative  capacity  of  their  different  surfaces  :— 
The  leaf  of  the  Nettle  when  moistened  by  the  upper 
surface  lived  two  months,  but  when  moistened  by 
the  ufider  surface  only  three  weeks.  The  leaf  of 
the  Amaranth  when  moistened  by  the  upper  surface 
lived  throe  months,  and  when  moistened  by  the 
under  surfiu)e  only  seven  or  eight  days.  The  leaf 
of  the  Mullein  when  moistened  by  the  upper  surface 
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lived  five  weeks,  and  when  moistened  by  the  under 
surface  only  five  days.  A  leaflet  of  the  French 
Bean  absorbed  also  a  sufficient  quantity  of  moisture 
to  nourish  another  leaflet  that  was  still  attached  to 
the  same  footstalk,  though  not  touching  the  water. 
On  thede-  Out  of  Sixteen  trees  or  shrubs  of  difierent  genera 
letfct  of  selected  for  the  purpose  of  experiment,  the  leaves  of 
*"^  only  two,  the  Lilac  and  Aspen,  retained  their  ver- 
dure equally  long  by  whatever  surface  they  were 
moistened.  But  the  leaves  of  the  rest — ^the  Vine, 
Pear,  Cherry,  Prune,  Apricot,  Walnut,  Mulberry, 
Oak,  Hazel,  Hose,  &c. — retained  it  longest  when 
moistened  by  the  under  surface.  The  following  are 
the  most  remarkable  examples  of  relative  capacity  : 
— ^The  leaves  of  the  white  Mulberry  when  moisten^ 
by  the  under  surface  retained  their  verdure  for 
yearly  six  months,  but  when  moistened  by  the 
upper  surface  they  retained  it  for  only  five  or  six 
days.  The  leaves  of  the  Vine,  Poplar,  and  Walnut 
iaded  almost  as  soon  when  moistened  by  the  upper 
surface,  as  when  left  without  water  altogether.  The 
leaves  of  the  Hazel  and  Rose  when  moistened  by 
the  under  surface  absorbed  a  sufficient  quantity  of 
moisture  to  nourish  also  other  leaves  on  the  same 
branch,  though  not  touching  the  water.* 

Such  was  the  result  of  the  experiments  of  M. 
Bonnet ;  and  the  only  thing  to  be  regretted  is  that 
he  has  not  always  been  sufficiently  accurate  in  spe- 
cifying, beyond  the  chance  of  mistake,  the  plant  on 
*  Recherches  tar  Its  Usages  des  Feuilles. 
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.which  his  expermients  were  made;  wbioh  are  on 
this  accoant  the  less  satisfkctoryy  as  well  as  the  less 
valuable.  And  hence  it  is  now  impracticable  to  as* 
certain  what  particular  species  of  Mallow  are  in* 
tended  1^  the  Great  and  Little  Mallows ;  or  what^ 
particular  species  of  Poplar  it  is  that  differs  so  much 
in  its  capacity  of  absorption  from  the  Papuhts  tre- 
mula  or  Aspen.  But  the  inference  deducible  from 
the  whole,  and  deduced  accordingly  by  Bonnet,  is  > 
that  die  leaves  of  herbs  absorb  moisture  chiefly  by 
the  upper  surface,  and  the  leaves  of  trees  chiefly  by 
the  under  surface. 

But  what  is  the  cause  of  this  direct  opposition  TMrdii:- 
between  the  absorbing  sur&ce  of  the  leaf  of  the  herb  MdOoM- 
and  of  the  tree  ?     The  immediate  cause  must  be,  f>^^^ 

'  for 

that  there  exists  a  greater  number  of  absorbents  in 
the  upper  surface  of  the  one,  and  in  t^e  under  sur- 
face of  the  other.  But  what  is  the  cause  in  the 
economy  of  the  vegetable  subject,  or  state  of  sur- 
rounding bodies,  that  requires  this  arrangement  ? 

Du  Hamel  thought  the  lower  surface  of  the  leaf  B7Dtr 
of  the  tree  was  endowed  with  the  greater  capacity  ™"'* 
of  absorbing  moisture,  chiefly  for  the  purpose  of 
catching  the  ascending  dews  and  exhalations  that 
must  necessarily  come  into  contact  with  it  as  they 
rise,  but  which  might  possibly  still  escape  if  ab- 
sorbable only  by  the  upper  surface,  as  being  now 
copsiderably  rarefied,  as  well  as  more  rapid  in  their 
ascent;*  presuming,  as  it  appears,  that  absorption 
*  Phys.  des  Arbres^  liv.  ii.  cbtp.  iii. 
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kjr  die  u^per  surfaoe  is  all  that  isaceesaary  to  hedw^ 
being  but  iow  in  its^re,  and  aear  the  sui&eeff  the 
earthy  MA^ere  the  dews  and  exhatatioBS  are  yet  to 
mach  condensed  and  «o  siow  df  ascent,  that  absorp 
tion  by  the  uiider  sur&ce  of  the  leaf  would  hot 
drench ttnd  destroy  them.    Hiere  nMy  possiUy  be 
soHie  tm^  in  this  conjecture,  though  it  vests  on  a 
fbnadation  mther  too  slight  to  be  much  trusted  to ; 
as  the  same  mode  of  argumentation  would  have 
suited  a  reversed  order  of  the  absorbing  capacity  of 
surfaces,  if  viewed  with  regard  to  the  rains  that 
descend  from  the  atmosphere. 
Obwm*       But  as  the  foregoing  experiments  upon  leasees 
l^g^    were  made  on  such  only  as  were  detached  from  the 
pliDti.      plant,  it  voBj^  be  said  that  they  are  not  well  calcu- 
lated to  become  the  ground  of  any  general  condu- 
sioB,  and  that  they  do  not  represent  to  us  the  actual 
phenomena  of  vegetation.    To  the  actual  phenomena 
of  vegetation  therefore  let  us  now  appeal,  in  as  far  at 
least  as  they  a>e  applicable  to  the  present  subject* 
They  will  be  found  fully  to  confirm  the  fiict  of  the 
absorption  of  moisture  by  the  leaf.     If,  after  a  long 
drought,  a  fi^  happens  to  take  place  before  any  rain 
falls,  so  as  to  moisten  the  surface  of  the  leaves,  the 
plant  begins  to  revive  and  to  resume  its  verdure  long 
before  any  moisture  can  have  penetrated  to  the  root. 
Hence  it  follows  incontestably  that  moisture  has  been 
absorbed  by  the  leaf:   because  it  is  impossible  to 
account*for  the  change  that  has  been  eflected,  except 
by  such  absorpticMi.    But  the  efficacy  of  rains  them-> 
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selves  and  of  artificial  waterings  may  be  accounted 
for  upon  the  same  principle ;  for  they .  have  not 
always  penetrated  to  the  root  when  they  are  found 
to  have  given  freshness  to  the  plant;  and  indeed 
many  plants  will  thrive  merely  by  having  their 
leaves  kept  moist,  though  no  water  should  reach  the 
root  at  all.  The  same  thing  might  be  said  of  the 
immersed  Fucij  many  of  which  being  totally  des- 
titute of  root,  and  constituting  merely  a  sort  of 
frond  or  leaf,  absorb  the  nourishment  necessary  to 
their  support  by  the  whole  of  their  surface.  The 
moisture  then  entering  the  plant  as  a  food  is  taken 
up  by  means  of  the  absorbent  pores  of  the  epi* 
dermis,  not  only  of  the  root  and  Ieaf>  but  often,  as 
it  is  to  be  believed,  of  the  other  parts  of  the  plant 
also,  at  least  when  they  are  in  a  soft  and  succulent 
state. 

But  by  what  means  do  the  gaseous  fluids  enter  Elastic 
the  plant?   From  what  has  been  already  ascertained  be  biujSl 
concerning  the  vegetable  structure,  it  follows  un-^^^*^* 
avoidably  that  the  gases  which  may  be  inhaled  as 
a  food  must  enter  the  plant  in  a  manner  similar  to 
that  of  moisture,    that  is,    they  must  also  pass 
through  the  pores  of  the  epidermis.     Perhaps  the 
pores  by  which  moisture  is  absorbed  are  fitted  also 
for  the  inhalation  of  air;  but  this  cannot  be  re* 
garded   as  altogether  certain;   if  it  is  not  rather 
alt(^ether  certain  that  each  of  the  two  fluids  enters 
the  plant  by  a  peculiar  set  of  pores.  Or  by  difi 

Bonnet  has  shown  that  most  leaves  abs<»rb  mois-  ^^^ 
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ge  PROCSSd  OF  KUTBinON.  CHAP.  I|U 

toro  better  by  the  one  suFface  than  the  other:  and 
it  18  known  that  aome  surfaees  do  actually  repel  it ; 
aa  may  be  seen  in  the  eaae  of  Cabbago-leavea  m 
the  time  of  rains  and  dews,  when  the  drops  roll 
along  the  upper  surface  without  wetting  it,  or  lodg^ 
in  its  folds  and  hollows  like  globules  pf  quicksilver^ 
conglomerated  together  without  bdng  absorbed. 
This  is  the  case  also  with  all  such  pitnts  as  are 
coirered  with  bloom.  It  is  probable  therefore  that 
all  such  surfacass  as  repel  moisture  are  fitted  rather 
for  the  inhalation  of  air  which  they  havf  long  been 
regarded  as  capable  of  effecting  i  and  in  timea  in 
which  it  was  fashionable  to  look  £or  analogies 
between  the  plant  and  animal  in  every  thing  what* 
ever,  leaves  were  even  regarded  as  being  the  lungs 

Though    of  plants*     The  notion  seems  to  have  arisen  as. 

^UuD^i.  follows:  Grew  thought  he  had  discovered  in  the 
leaves  k  number  of  little  bags  or  bladders  filled 
with  air  t  the  ur  was  supposed  to  have  entered  by  in- 
halation; and  the  bags  or  bladders  were  supposed  to. 
be  analogous  in  their  ofiice  to  the  cells  of  the  lungs 
of  animals.  This  was  at  the  time  a  suflkiently 
plausible  conjecture,  but  was  not  enough  to  prove 
that  leaves  are  lungs.  Accordingly  it  became  ne- 
cessary to  look  out  for  some  further  arguments  in 
defenoe  of  the  doctrine,  and  one  of  the  first  that 
was  discovered  was  that  of  the  experiment  of  M. 
Papin,  who,  with  a  view  to  ascertain  the  point  in 
question,  introduced  into  the  receiver  of  an  air*, 
pump  an  entire  plant,  root,  stem,  and  leaf.   Tlie 
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Gonsequeaoe  waa  that  it  ¥ery  soon  died.  He  then 
introduced  a  plant  by  the  root  and  stem  only^ 
while  the  leaves  were  still  exposed  to  th^  influence 
of  the  air.  But  in  this  case  the  plant  tilled  mueh* 
longer  than  in  the  fbrmer,  and  warranted  him^  as 
he  thought^  to  conclude  that  leaves  are  the  lungs 
of  plants.  It  is  plain^  hoivevef,  that  this  conclusion 
was  by  moch  too  hasty ;  because  the  life  of  the 
plant  might  have  been  protracted  merely  by  the 
dbaorption  of  the  moisture  of  the  atmosphere 
through  the  medium  of  the  leaf,  and  not  by  the 
inhalation  of  any  gaseous  principle.  And  before 
venturing  qpon  such  ^  conclusion^  the  experiment 
should  have  been  also  reversed^  to  show  the  result 
of  enclosipg  the  leaves  only  in  the  receiver,  and  of 
leaving  out  the  stem  and  root:  and  if  it  had  even 
been  pro9ed  that  atmospheric  air  is  actually  inhaled 
by  the  leaf  and  indispcfnsable  to  the  health  of  the 
plant,  still  it  would  have  been  necessary  to  show 
that  it  is  ag^in  expired  also,  in  order  to  make  good 
the  analogy  of  leaves  to  lungs. 

Another  argument  in  support  of  the  doctrine 
was  deduced  from  Du  HameFs  experiment  of 
besmearing  the  surface  of  the  leaf  with  oil,  in 
consequence  of  which  treatment  it  soon  died, 
owing,  as  it  appeared,  to  the  exclusion  of  air.* 
But  this  argument  is  also  insufficient  to  establish 
the  &ct,  and  is  here  introduced,  together  with  that 
ef^  M.  Papin,  nc^t  merely  for  the  puipose  of  show* 
*  Phys«  dei  Arb.  liv.  ii,  chap.  iii. 
H  i 


.100  IPROCESS  OF«  MUTRnXON.  CHAP.  III. 

ing  its  inadequacy,  or  of  making  it  appear  that 
there  is  any  absurdity  in  the  doctrine  it  was  in* 
tended  to  support;  but  rather  that  the  doctrine, 
though  founded  in  truth,  could  not  have  been  satis- 
factorily proved  by  any  experiments  that  were  prac- 
ticable at  the  time. 
Their  in-  It  is  to  the  modem  improvements  in  pneumatic 
proved  by  chcmislry,  and  to  them  alone,  that  we  are  indebted 
Sem^jT  ^^  ^^^  knowledge  of  the  real  functions  of  the 
«Kperi-  leaves  of  plants ;  from  which  it  is  proved  indispu- 
tably, that  the  leaves  not  only  contain  air,  but  do 
actually  inhale  it.  It  was  the  opinion  of  Priestley 
that  they  inhale  it  chiefly  by  the  upper  surface. 
Has  this  been  confirmed?  And  it  has  been 
shown  by  Saussure  that  their  inhaling  power  de- 
pends entirely  upon  the  organization.  A  bough 
of  the  Cactus  Opuntia,  when  placed,  as  it  was  de« 
tached  from  the  plant,  in  an  atmosphere  of  common 
air,  inhaled  iii  the  course  of  a  night  four  cubic 
inches  of  oxygene ;  but  when  it  was  placed  in  a 
similar  atmosphere  after  being  cut  to  pieces  and 
pounded  in  a  mortar  so  as  to  destroy  the  organiza- 
tion of  its  parts,  no  inhalation .  took  place.  The 
inhalation  of  air,  therefore,  is  no  doubt  effected  by 
the  pores  of  the  epidermis  of  the  leaf. 

It  has  been  a  question,  .however,  among  phytolo- 
gists,  whether  it  is  not  also  effected  by  the  epidermis 
of  the  other  parts  of  the  plant.  We  can  scarcely 
suppose  it  to  be  effected  by  the  dry  and  indurated 
epidermis  of  the  bark  of  aged  trunks,  of  which 
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the  original  organization  is  obliterated ;  nor  by  that 
of  the  larger  and  more  aged  branches.  But  it  has 
been  thought  there  are  even  some  of  the  soft  and 
succulent  parts  of  the  plant  by  which  it  cannot  be 
effected,  because  no  pores  are  visible  in  their  epi* 
dermis.  M.  Decandolle  found  no  pores  in  the 
epidermis  of  fleshy  fruits,  such  as  Pears,  Peaches, 
and  Gooseberries ;  nor  in  that  of  roots,  or  scales  of 
bulbs ;  nor  in  any  part  not  exposed  to  the  influence 
of  air  and  light.  It  is  known,  however,  that  fruits 
will  not  ripen,  and  that  roots  will  not  thrive,  if 
wholly  deprived  of  air ;  and  hence  it  is  probable 
that  they  inhale  it  by  their  epidermis,  though  the 
pores  by  wh^ch  it  enters  should  not  be  visible.  In 
the  root,  indeed,  it  may  possibly  enter  in  combi- 
nation with  the  moisture  of  the  soil ;  but  in  the 
oth^r  parts  of  the  plant  it  enters  no  doubt  in  the 
state  of  gas.  Herbs,  therefore,  and  the  soft  parts 
of  woody  plants,  absorb  moisture  and  inhale  gases 
from  the  soil  or  atmosphere  by  means  of  the  pores 
of  their  epidermis,  and  thus  the  plant  efiects  the 
intro^susception  of  its  food, 
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Ascent  of  the  Sap. 

In  tracing  out  the  means  by  which  the  plant 
effects  the  intro-susception  of  its  food,  it  was  found 
to  be  chiefly  that  of  absorption  by  the  root.    But 
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the  fluids  existing  in  the  soil  when  absorbed  bjr 
the  root,  are  designated  by  the  appellation  of  sap 
or  lymph }  whichi  before  it  can  be  rendered  sub- 
servient to  the  purposes  of  vegetable  riutrition,  mmt 
either  be  intermediately  conveyed  to  some  visctts 
proper  to  give  it  ielaborationi  or  imml^iately  dis^ 
tributed  througliout  the  whole  body  of  the  plant. 
The  otyect,  therefore,  of  the  present  sectiott  V^Wl  be 
that  of  tracing  out  the  progress  of  its  distribution 
or  ascent. 
5ap  proved  A  ^efy  simple  experiment  will  be  suflScient  to 
Ino^on,  ^^^^  ^^^^  ^'^®  ^^P  '^  ^^  motion  in  one  direction  or 
other,  at  least  ^t  odcasiooal  periods.  If  the  branch, 
or  trunk,  or  even  root  of  a  tree^  is  laid  open 
or  fractured  in  the  course  of  ^ring,  whether 
by  intentional  incision  or  accidental  wound,  the 
ssp  will  immediately  begin  to  flow,  and  will,  in 
some  cases,  continue  to  be  copiously  discharged 
perhaps  for  several  days,  or  M  least  till  tlie  wound  it 
cicatrized )  and  if  the  wound  fs  again  t>pen^  the 
ssfi  will  flow  afresht  This  is  what  ift  usually  de« 
BTthe  nominated  thp  bleeding  of  plants,  and  is  well 
pl^nvh^^  exemplified  in  the  Vine,  Bii*ch,  Maple,  and  Walnut, 
as  affording  a  most  copious  discharge. 

But  what  is  the  most  to  be  wondered  at  in  the  case 
of  the  bleeding  of  plants,  is  that  the  most  copious 
discharge  does  not  seem  to  injure  the  individual  in 
any  material  degree.  Pu  Hamel  selected  several 
Strong  and  healthy  Vines  as  the  subject  of  exp^i- 
ment,  som^  of  which  were  trimmed  in  the  mAml 
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^imy«  and  others  mide  to  bleed  eopioasly ;  b«t  the 
latter  were  afterwards  as  Tigoroos  aod  prod«e(ive  as 
the  jfbrroer.  The  Amerioan  Maple  will  also  c^- 
timie  to  jrield  its  Mual  quantify  of  si^  ia  the  spring 
fer  many  years;  though  it  requires  now  and  Shen 
an  interval  of  rest. 

The  i^ant.  at  ways  bleeds  most  freely  aboot  the  Which  it 
time  of  the  c^iening  of  the  bod  ;  fer  in  proportion  P^^^^^^ 
as  the  leaves  expand  ^  sap  flows  less  eopieusly) 
and  when  they  are  fully  expanded  it  enticely  oeases. 
But  this  SfQspension  is  only  temporary,  for  Ibe  plant 
may  be  made  to  bleed  agmn  in  the  end  of  tfie 
autumn^  at  least  under  certam  eooditicms.    If  an 
incision  is  now   made  into  the  body  of  the  tree 
tffter  the  pecurrenee  of  a  short  hot  shatfi  frost,  when 
the  heM  of  the  sun  or  mildness  of  the  nr  begins  to 
produce  a  thaw^  the  sap  WiH  again  flow.     It  wHl 
flow  even  where  the  tree  has  been  bift  partiany 
thawed,  whic*h    Sometimes  happens  on  the  south 
side  of  a  tree,  when  the  heat  of  the  sun  is  strong 
and  the  wind  northerly.    At  Ae  seasons  now  sped- 
fled,  therefore,  the  sap  is  evidently  in  motion ;  but 
the  plant  will  not  bleed  at  any  other  season  of  the 
year.      Are  we  to  conclude,  therefore,  that  i^  Though 
motion  of  the  sap  is  at  such  other  season  wholly  aoSSb 
suspended ;  or  that  it  only  flows  with  diminished  ^^ 
Telocity  ?  It  has  been  the  opinion  of  some  phyto*  •uspcDded. 
logists,  indeed,  that  the  motion  of  the  sap  is  wholly 
suspended  during  the  winter.     But  though  the 
great  cold  of  Winter,  as  weH  as  the  great  heat  of 
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summer^  is  by  no  means  so  fiivourable  to  v^etation 
as  the  milder  though  more  changeable  temperature 
o[  spring  and  autumn,  yet  it  does  not  wholly 
suspend  the  movement  of  the  sap.  Palms  may  be 
made  to  bleed  at  any  season  of  the  year.  And  al- 
though this  is  not  the  case  with  plants  in  genera^ 
yet  there  is  proof  sufficient  that  the  colds  of  winter 
do  not)  even  in  this  climate,  entirely  prevent  the 
sap  from  flowing.  Buds  exhibit  a  gradual  develop- 
.  ment  of  parts  throu^out  the  whole  of  the  winter, 
as  may  be  seen  by  dissecting  them  at  different 
periods.  So  also  do  roots.  Evergreens  retain  their 
leaves ;  and  many  of  them,  such  as  the  Arbutti^y 
Laurustinus,  and  the  beautiful  tribe  of  the  Mosses, 
protrude  also  their  blossoms,  even  in  spite  of  the 
rigour  of  the  season.  But  all  this  could  not  pos- 
sibly be  accomplished  if  the  motion  of  the  sap  were 
wholly  suspended. 
Itsdireo-  The  sap  then  is  in  perpetual  inotion  with  a  ipore 
of  ascent,  accelerated  or  more  diminished  yielocity  throughout 
the  whole  of  the  year :  but  still  there  is  no  decided 
indication,  exhibited  in  the  mere  circumstance  of 
the  plant's  bleeding,  of  the  direction  in  which  the 
sap  is  moving  at  the  time ;  for  the  result  might  be 
the  same  whether  it  was  passing  from  the  root  to  the 
branches,  or  from  the  branches  to  the  root.  But  ^ 
the  great  influx  of  the  sap  is  effected  by  means  of 
the  pores  of  ihe  epidermis  of  the  root,  it  follows 
that  its  motion  must,  at  least  in  the  first  place^  be 
that  of  ascent ;  and  such  is  its  direction  at  the  sea- 
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son  of  the  plant's  bleeding,  as  may  be  proved  by  the 
following  experiment : — If  the  bore  or  incision  that 
has  been  made  in  the  trunk  is  minptely  inspected 
while  the  plant  yet  bleeds,  the  sap  will  be  found  to 
issue  almost  wholly  from  the  inferior  side.  If 
several  bores  are  made  in  the  same  trunk  one  above 
another^  the  sap  will  begin  to  flow  first  from  the  . 
lower  bore,  and  ^then  from  those  above  it*  If  a 
branch  of  a  Vine  be  lopped,  the  sap  will  issue  copi- 
ously from  the  section  terminating  the  part  that 
remains  yet  attached  to  the  plant ;  but  not  from  the 
section  terminating  the  part  that  has  been  lopped 
off.  This  proves  indubitably  that  the  direction  ai 
the  sap's  motion^  during  the  season  of  the  plant's 
bleedings  is  that  of  ascent. 

But  if  the  sap  flows  so  copiously  during  the  sea«luvd9- 
son  of  bleeding,  it  follows  that  it  must  ascend  with^'^* 
a  very  considerable  forc§ ;  which  force  has  accord- 
ingly been  made  the  subject  of  calculation.  To  the 
stem  of  a  Vine  cut  off  about  two  feet  and  a  half 
from  the  ground.  Hales  fixed  a  mercurial  gauge 
which  he  luted  with  mastic ;  the  gauge  was  in  the 
form  of  a  syphon,  so  contrived  that  the  mercury 
might  be  made  to  rise  in  proportion  to  the  pressure 
of  the  ascending  sap.     The  mercury  rose  accord-  • 

logly,  and  reached,  as  its  maximum,  to  a  height  of 
38  inched.*  But  this  was  equivalent  to  a  column 
of  water  of  the  height  of  43  feet  3-^-  inches ;  demon- 
strating a  force  in  the  motion  of  the  sap  that,  without 
*Veg.  StaU  Exper. 
1 
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the  evidence  of  experiment^  would   have  seeMed 
attogether  ineredible. 

The  sap  then  in  ascending  from  the  lower  to  Ae 
upper  extremity  of  the  plant  k  propelled  with  a 
i^ery  considerable  fbrce^  at  least  in  the  bleeding 
reason.  But  is  the  ascending  sap  propelled  indis- 
•  eriminately  throughout  the  whole  of  the  tubofaHr 
apparatus^  or  is  it  confined^  in  its  course^  to  any 
parficnlar  channel  ?  Before  the  anatomy  of  plants 
had  been  studied  with  much  accuracy^  there  was 
a  considerable  diversity  of  opinion  on  the  avigect. 
Channel  Some  thooght  it  ascended  by  the  bark;  others 
'  thought  it  ascended  by  the  badk^  wood^  and  ^piA, 
indiscriminately;  and  others  thooght  it  aseedded 
between  the  bark  and  wood. 
A«cot«ng  The  fiffft  opinion  was  maintained  and  supported 
pighi.  by  Malpighi;  who  seems  to  have  taken  it  for 
granted  that  the  sap  ascends  by  the  bai^c,  niefely 
because  tfie  fibres  of  the  bark  (which  be  describes 
mrder  the  appellation  of  Jibrse  ligntte,  ^eu  ^imsa 
tnbulosa)^  bad  been  found  to  be  tubnlar^  and 
hence  ptfrmeable  to  fluids :  but  this  is  a  very  laitie 
argument  indeed ;  for  although  the  bark  is  of 
a  vas<^Iar  texture  and  permeable  to  fluids^  yet 
this  IS  no  prodf  that  the  sap  in  its  natural  eourse 
ascends  through  it,  becau^  the  vessels  eontaiiiied 
m  it  may  possibly  be  tlestined  for  purposes  very 
iWferent  from  tlmt  of  the  transmission  tX  the 
sdp.    But  it  was  said  that  when  a  horieotrtal  in- 

Anat.  Plant,  v. 
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cision  it  made  in  the  berk,  a  fleid  is  fbuad  to  cxade 
frem  the  loirer  lip,  and  that  cetisequently  tiie  aqi 
ascends  by  it.  But  in  oMer  to  make  this  ailment 
good^  the  fluid  must  first  be  prared  to  be  sap,  or  at 
least  to  afford  the  presumptive  evidence  of  contitiiiA 
tag  to  flow  for  a  oonsiderable  length  of  time ;  as  it 
is  koown  that  the  vessels  of  plants  will  empty  * 
tfaediselves  at  both  ends  when  cut  horizontally,  as 
any  one  may  see  merely  by  cutdi^  in  two  the  stem 
of  any  species  of  Spurge ;  so  that  the  mere  eznda^ 
tkxi  of  a  fluid  from  the  lower  lip,  is  no  proof  that 
it  proceeds  from  the  ascending  sap  since  the  vessels 
might  thus  empty  diemsdves  if  they  but  contained 
even  a  fluid  descending. 

It  was  further  contended  that  old  Willows  and 
several  other  sorts  of  trees  will  still  continiie  to 
vegetate  even  when  the  whole  of.  the  woody  part  of 
the  trunk  is  decayed,  and  nothing  but  bark  remain** 
tng.  But  this  is  not  exactly  the  fact ;  for  in  the 
ome  alhided  to,  there  will  always  be  found  to  be 
more  or  less  c^  wood  immediately  aader  the  bark ; 
so  that  tbe  ascent  of  the  sap  through  the  channel  of 
the  bark  is  by  no  means  established. 

The  second  opinion  does  not  seem  to  have  ibeen 
entertained  by  any  very  distinguished  phytologists 
*-*namdy,  that  of  its  ascending  between  the  bark 
and  wood ;  but  it  seems  to  have  been  entertained 
by  those  who  held  it,  hecanse  much  juice  is  found 
there ;  becaase  the  wood  is  formed  there ;  and  be- 
cause  the  graft  takes  effect  there. 
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According  Grew  has  shown  this  opinion  to  be  altogether  er- 
*^^'*^'  roneotts,  and  has  substituted  a  third  in  its  place- 
namely,  that  the  sap  ascends  by  the  bark^  wood,  and 
pith  indiscriminately.*  It  ascends  by  the  pith,  as 
he  says,  during  the  first  year  of  the  plant's  growth, 
and  during  the  first  year  only ;  because  the  pith  is 
always  found  succulent  during  that  time,  whether  in 
the  sprout  from  a  seed,  or  sucker  from  a  root,  or 
scion  from  a  branch  ;  but  dry  ever  after.  And  it 
ascends  by  the  wood  and  bark,  because  upon  cutting 
a  branch  a  liquid  issues  from  both  either  spontane- 
ously or  by  pressure.  But  we  must  not  too  hastily 
conclude  that  any  particular  part  of  the  plant  serves 
as  the  channel  of  the  sap's  ascent,  merely  because 
it  has  been  found  to  be  moist,  or  to  give  out  a  liquid 
by  pressure;  for  one  might  just  as  well  say,  because 
the  soil  of  a  meadow  situated  by  the  banks  of  a 
river  contains  a  great  deal  of  moisture,  that  it  is 
therefore  the  channel  of  the  descent  of  the  water  as 
well  as  the  bed  of  the  river  itself.  The  sap  is  no 
doubt  conveyed  to  all  the  parts  of  the  plant,  and  is 
consequently  to  be  found  in  them  all  under  one 
modification  or  another,  but  still  its  ascent  is  con- 
fined to  a  peculiar  channel.  Let  us  try  to  ascertain 
by  experiment  what  that  channel  is. 

If  a  tree  is  to  be  subjected  to  the  operation  of 

bleeding,  there  will  be  no  notable  discharge  of  sap 

unless  the  bore  or  incision  penetrates  beyond  the 

bark ;   and  if  ^he  operation  is  performed  on  the 

♦  Veg.  of  Trunks,  chop.  i. 
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trank  of  the  Poplar-tree^  there  will  be  no  notable 
dischai^  till  it  penetrates  almost  to  the  centre.* 
These  fects  afford  a  strong  presumption  that  the  sap 
does  not  ascend  by  the  bark ;  but  the  following  ex- 
periments afibrd  an  indubitable  proof. 

Du  Hamel  stript  several  trees  of  their  bark  en-  Experi- 
tirely,   which  continued,  notwithstanding,  to  UveDuHamef 
for  many  years,  protruding  new  leaves  and  newj^^.  ^^^^ 
branches  as  before.'}*  Mr.  Knight  stript  the  trunk  of 
a  number  of  young  Crab-trees  of  a  ring  of  bark 
half  an  inch  in  breadth,  but  the  leaves  were  pro- 
truded, and    the   branches    elongated,    as    if  the 
operation   had   not   been  performed.;];      It  is  evi- 
dent, therefore,  that,  the  sap  does  not  ascend  by  the 
bark. 

But  it  is  equally  evident  that  it  does  not  ascend  . 
by  the  pith,  at  least  after  the  first  year ;  for  then, 
even  upon  6rew*s  own  supposition,  it  becomes  either 
juiceless  or  wholly  extinct:  and  even  during  the 
first  year  it  is  not  absolutely  necessary,  if  at  all 
subservient  to  the  ascent  of  the  sap,  as  is  proved 
by  an  experiment  of  Mr.  Knight*s.  Having  contrived 
to  abstract  from  some  annual  shoots  a  portion  of 
their  pith,  so  as  to  interrupt  its  continuity,  but  not 
otherwise  materially  to  uyure  the  fabric  of  the 
shoot,  he  found  that  the  growth  of  the  shoots 
which  had  been  made  the  subject  of  elcperiment 
was  not  at  all  affected  by  it. 

*  Exper.  par  Coulomb.         f  Pbys.  des  Arb.  lir.  v.  chap.  ii. 
X  Phil.  Trans.  1801. 
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Proving  The  ssp  then  ascends  neither  by  tlie  bark  nor 
throurh"'  pi<*>  *>o^  ^y  *he  wood  only.  .  But  the  wbqle  maaa 
4bc  wood,  ^  ^1,^  ^Qf^  throughout  is  not  equally  wdl  adapted 
for  the  purpose  of  conveying  it.  The  interior  and 
central  part,  or  part  that  has  acquired  its  last  dcf 
gnee  oi  solidity,  does  not  in  general  afford  it  a  pas- 
sage. This  is  proved  by  what  is  called  the  girdling 
of  trees,  which  consists  in  making  a  circular  gap 
or  inqision  quite  round  the  stemi  and  to  the  depth 
of  two  or  three  inches,  so  as  to  cut  through  both 
the  bark  and  alburnum.  The  operation  is  very 
generally  performed  by  the  Amerioan  farqier  on 
trees  whose  farther  growth  might  be  prejudicial  to 
his  crop,  but  which  he  does  not  yet  find  it  conve- 
nient  to  cut  down :  and  indeed  there  are  but  few 
trees  that  will  long  survive  the  operation,  particu- 
larly if  performed  early  in  the  spring.*  An  Oak'^tree 
on  which  Mr.  Knight  had  performed  the  operation 
with  a  view  to  the  very  object  in  question,  namely, 
that  of  ascertaining  the  channel  of  the  sap^s  ascent, 
exhibited  not  the  slightest  mark  of  vegetation  in 
the  spring  following.'f-  The  sap  then  does  not 
ascend  through  the  channel  of  the  matured  wood. 
Or  nther  But  if  the  sap  ascends  neither  through  the  chan« 
orottoi.  ^^j  ^£  jj^^  bark,  nor  pith,  nor  matured  wood  ; 
through  what  other  channel  does  it  actually  ascend? 
The  only  remaining  channel  through  which  it  can 
possibly  ascend  is  that  of  the  alburnum.  But 
though  the  object  of  our  inquiry  has  been  thus  so 
*  BartoD*s  Eiem.  of  Bot.  p.  155.  f  PhiU  Trans.  1S05. 
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^  obtemed^  anoth^  imy^vy  vemtins  yet  tp  be  in* 
sjkiU|ted«    In  paasing  through  tbe  cbeanel  oi  tim  Vends 
alburnum^  does  the  sap  ascend  promiacwiuly  by  whic^t 
tbe  whole  of  the  tubes  cosiposing  it,  or  is  it  epn-"**"^** 
fined  in  its  pessage  to  any  peculiar  set } 

Tbe  earlieft  eonjeirtures  recorded  on  this  solgfcfc 
are  those  of  Greir  and  Malpighi,  who,  though  th^ 
maintained  that  the  sap  asoenda  chiefly  by  tbe 
barky  did  not  yet  deny  that  it  asoends  «I«o  partly 
by  the  alburnum  or  wood :  but  their  opinions  (S» 
not  at  all  coincide  with  regard  to  tbe  peculiap  set 
of  vessels  through  which  the  sap  ascends  tbe  al- 
burnum. Malpighi  thought  it  ascended  through  According 
the  channel  pf  the  tubes  formed  by  tbe  woody  JJ^^Ui^, 
fibre,  which  he  describes  under  the  appellation  ef  Fsb>* 
JUtula  lignea;^  regarding  the  traches,  which  he 
represents  as  constituting  also  part  of  the  wood, 
as  being  confined  merely  to  the  function  of  oon^ 
dueting  air.  But  Grew  thought  it  ascended  tbe 
alburnum  only  through  the  channel  of  the  tra-i 
^shese,*^  which  he  represents  as  being  numerous 
both  in  the  stem  and  root,  and  capable  of  conduct* 
iog  not  only  air  but  sap.  Such  wer^  the  primitive 
corgectures  entertained  on  this  subject,  at  a  time 
when  phytological  inquiry  was  but  yet  in  its  in- 

^  Sunt  sutem  he  fislulae  eju^dem  nature  ciioi  exar^tis  fx»|iy 
ticem  compingentibus,  et  consimiicm  admittunt  si^rcum  qui  ^^ 
Daturas  Icgibus  sursum  pellitur.  Anat.  Plant,  xi. 

t  In  the  wood  the  sap  ascendeth  only  by  the  air  vessels.  Veg. 
of  Trunks,  chap.  i. 
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fency  ;  and  as  the  obscurity  as  well  as  importance 
of  the  subject  demandedj  so  it  gave  origin  to  fur- 
ther  investigations. 

It  occurred  to  succeeding  phytologists  that  the 
progress  of  the  sap,  and  the  vessels  through  which 
it  passes,  might  be  traced  or  ascertained  by  means 
of  making  plants  to*vegetate  in  coloured  infusions ; 
and  accordingly  plants  were  made  so  to  vegetate. 
The  earliest  experiments  on  the  subject  seem  to  be 
those  of  Magnol,  instituted  about  the  beginning  of 
ibe  eighteenth  century^  though  it  does  not  appear 
that  his  object  was  any  thing  beyond  that  of  merely 
demonstraiting  the  ^ascent  of  the  sap  to  the  very 
summit  of  the  plant.  The  colouring  matter  he 
made  use  of  was  the  juice  of  Phytolacca;  and 
when  the  extremity  of  a  stem  of  the  Tuberose  was 
moistened  in  an  infusion  of  this  juice,  it  was  found 
to  mount  up  to  the  summit  and  to  give  a  red  colour 
De  ta ,  to  the  flower.  M.  De  la  Baisse,  improving  upon 
this  hint,  instituted  a  number  of  experiments,  with 
the  same  juice,  upon  a  great  variety  of  different 
plants,  and  found  that  the  infusion  always  left 
behind  it  some  evident  traces  of  its  ascent  in  the 
form  of  longitudinal  streaks  or  threads.  In  the 
root^  it  was  found  that  the  smaller  divisions  were 
always  tinged  more  deeply,  and  the  larger  divisions 
more  faintly ;  the  tinge  being  also  deeper  as  it  ap- 
proached the  centre.  In  stems  of  the  Peach  and 
Elm,  of  from  three  to  four  feet  in  length,  the 
coloured  tubes  were  traced  to  the  extremity  of  tlio 
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branches  pervading  the  wood  only,  bilt  hot  the 
pith  or  barky  the  tinge  being  always  deepest  at  the 
origin  of  the  leaf  and  branch.  But  in  the  im- 
mersed portion  of  the  8teiii>  the  bark  was  tinged 
where  the  epidermis  ^as  wanting;  and  in  branches 
of  the  Fig-tree,  the  medullary  sheath,  or  sheath  sur* 
rotlnding  the  pitii,  was  tinged  also.  On  inspecting 
the  surfece  of  a  transverse  section  of  a  branch  of 
the  Lim^tree  that  had  been  made  the  subject  of 
experiment,  the  wood  was  ibund  to  be^  variegated 
widi  alternate  zones  of  white  and  red ;  but  there 
was  no  colouring  in  the  bark  or  pith. 

In  berbaoeotts  plants  the  case  was  nearly  the 
same,  the'  streaks  being  feund  otfly  in  the  bundles 
of  woody  fibre,  though' in  s6me  enm{des  the  upper 
part  of  the  plant  had  assumed  a  reddish  tinge,  even 
where  no  traces  of  fibre  were  perceptible.  In  the 
leaves  the  infiision  was  found  to  have  passed 
through  two  different  sets  of  vessels,  the  one  lai^e 
and  longitaditial,  the  other  undulating  and  twisted ; 
the  former  abounding  chiefly  in  the  under  surface, 
and  the  latter  in  the  upper  surfiice.  In  repeating 
the  experiment  of  Magnol,  M.  De  la  Baisse  was 
completely 'successfuV'i  and  in  extending  it  to  a 
species  of  Antirrhinum^  ^e  infiision  was  found  to 
have  tinged  not  only  the  corolla,  but  also  all  the 
other  parts  of  the  fructification. 

Bonnet  instituted  a  set  of  similar  experiments  Bonnet, 
on  this  subject  also,  in  which  he  us^d  for  colouring 
matter,  ink,  andy  tincture  of '  Madder-root.    The   • 
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central  pvt  of  the  root  was,  as  ia  the  for^piog 
exporimeBts,  tinged  the  deepest;  but  the  wood  of 
a  bnnch  of  the  Aprioot  was  ^nged  the  deepest 
towards  the  ciraunierepicer  the  pith  aod  berk  being 
unaltered ;  and  in  a  case  in  which  the  braach  was 
4»tripped  of  a  ring  of  bark^  the  wood  was  tinged  as 
before.  On  the  surCwoo  of  a  transverse  section  of 
a  bud  three  black  spots  were  distinguishable,  indi- 
cating the  ascent  of  the  coloured  fluid ;  and  when 
tthe  experiment  was  made  upon  die  staljk  of  Fmch 
Beans  4be  tincture  was  found  to  have  asoended  only 
by  the  bundles  of  woody  fibre. 
DttHameL  Bu  Hamel,  in  pursuit  of  the  same  okyec^  mixed 
a  quantity  of  peesdered  Madder^root  with  the  earth 
in  which  a  plant  vcigelated,  hoping  he  might  thus 
succeed  in  detecliAg  and  tracing  out  the  sap  vessels, 
in  the  same  manoer  as  he  had  succeeded  in  cokmr- 
ing  the  bones  of  some  animals  by  means  of  mixing 
Madder-root  with  their  food.  But  the  experiment 
foiled.  He  then  adapted  ^  plan  of  Boiipet» 
namely,  that  of  steepii^  the  extremity  of  a  branch 
or  stem  in  a  coloured  fluid*  The  fluid  he  used  was 
ink ;  and  the  subject  of  experiment  branches  of 
the  Fig,  £lder.  Honeysuckle^  and  Filbert  In  ex- 
amining some  branches  of  the  two  former  after 
being  steeped  for  several  days,  the  part  immersed 
was  found  to  be  black  throughout,  but  the  upper 
part  was  tinged  only  in  the  wood,  which  was  co- 
loured for  the  length  of  a  foot,  but  more  foiqtiy 
and  oartially  in  propprtion  to  the  height.   The  ]Hth 
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indeed  eidiMted  wvae  ttace*  «f  ink,  but  the  Inu4c 
and  bods  none.  In  some  other  examples  the  ex- 
teraal  layers  of  the  wood  only  were  tinged.  In 
the  Ifeae}rsuckle  tiie  deepest  shade  was  aboat  the 
midcHe  of  the  woody  layers ;  and  in  the  Filbert 
there  was  ako  obsenred  a  colonred  circle  tnnround- 
'ing  the  pith ;  but  none  in  the  pith  itself,  nor  in  the 
imxk. 

Swh  were  the  experiments  rf  the  earlier  phyto- 
bgiats  with  a  view  to  discover  the  vessels  conduct- 
ing the  sap  in  its  asoent,  which,  though  they  do  not 
exactly  determine  the  point  in  question,  do  yet  very 
ttinch  circumscribe  the  limits  of  inquiry,  showing 
that  it  aicends  through  thevetilels  of  thelongitu* 
dinal  fibre  composing  the  alburnum  of  woody 
plants,  aud  through  the  vessels  of  the  several, 
bundles  of  longitudinal  fibre  constituting  the  woody 
part  of  herbaceous  plants. '  Bdt  it  has  been  already 
shown  that  the  vessels  composing  the  woody  fibre 
are  not  all  of  the  sitme  species.  There  are  simple 
tubes,  pomus  tubes,  spiral  tubes,  mixed  tubes,  and 
interrupted  tubes.  Thtougfa  which  of  these,  there- 
fore, does  the  sap  pass  in  its  ascent  ?    ' 

The  best  rejlly  lo  this  inquiry  bas  been  furnished  MirUaai 
by  Mr.  Knight  and  M.  Mirbel,  whose  experiments  *"^** 
on  the  subject  are  considerably  more  luminous  thail 
the  precedingi  Mr.  Knight  prepared  some  annual 
shoots  of  the  Apfile  alid  Horse-K^hestiut,  by  means 
of  circular  incisions,  so  as  to  leave  detached  rings 
of  bark  with  insulated  leaves  remaining  on  the 
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which  the  central  vessels  were  detected  as  before ; 
but  the  colouring  matter  was  toiind  tohave  pene- 
trated into  the  fruit  also^  diverging  round  the  core, 
approaching  again  in  the  eye  of  the  fruity  aikd  ter- 
minating at  last  in  the  stamens.  It  was  by  means 
of  a  prolongation  of  the  central  vessels^  which  did 
not  however  a]^pear  to  be  accompanied  by  the  spiral 
tubes  beyond  the  fruit-stalk. 

Such  then  are  the  parts  of  the  plant  through 
which  the  sap  ascends^  and  the  vessels  by  which  it 
•  is  conveyed.  Entering  by  the  pores  of  the  epi- 
dermis^  it  is  received  into  the  longitudinal  vessels 
of  the  root  by  which  it  is  conducted  to  the  collar. 
Tbwce  it  is  conveyed  by  the  longitudinal  vessels 
of  the  alburnum^  the  small  tubes  of  Mirbel,  and 
common  tubes  of  Knight^  to  the  base  of  the  leaf- 
stalk and  peduncle;  from  which  it  is  further  tnms* 
mitted  by  the  central  vessels  of  Knight  to  the  ex- 
tremity of  the  leaves,  flower,  and  fruit  It  is  to  be 
reipfetted,  however,  that  Mr.  Knight*s  description 
of  the  central  vessels  is  not  altogether  so  ez[Jicit 
as  oould  be  wished.  In  trying  to  illustrate  the 
subject  by  synonym,  he  says  indeed,  that  his  cen- 
tral vessels  are  M.  MirbeFs  tubular  tissue.*  But 
this. unhappily  tends  to  obscure  rather  than  to  du- 
cidate  the  subject.  For  M.  MirbeFs  tubular  tissue 
consists  of  not  less  than  five  or  six  different  species, 
laiige  tubes,  small  tubes,  simple  tubes,  porous  tubes, 
spiral  tubes,  and  mixed  tubes.  But  to  which  of 
•  PhJK  Trans.  1807. 
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them  do  tiie  oeiltral  ?e8id«  corretpond?  Iff  wc 
rcgftvd  their  itspeoCivv  IkaeliaM  thqr  can  ccMrret- 
pGAd  ottljr  to  die  smell  tnbei,  at  k  ie  t^tiieateloiie^ 
eooording  to'M.  Miibel,  that  the  sap  amndt. 

And  yet  after  all  the  eloeidation  that  has  been  Fooctkui 
thrown  on  the  snlgeet,  the  fitnction  of  the  spiral  ^Vl^bSf* 
tubes  is  as  mush  involved  in  obsoeritjr  as  ^i^^^^q^^ 
Greer,  who^  togetfier  with  Malpighi,  regarded  them  and  Md- 
or^oally  as  being  destined  to  the  transmission  of 
air,  is  known  to  have  retracted  his  opinion,  or  at 
least  te  have  veiy  much  modified  it;  so  that,  instead 
of  regarding  them  as  bring  solely  air-vessels,  he 
afterwards  regarded  ttmn  as  being  also  mp^essels, 
and  as  being  even  the  sole  sap*vessels  of  the  wood 
or  albunimB.  But  this  ^Knien  is  evidently  con- 
tradicted by  the  ftet  that  no  tracbess  are  to  be  found 
in  the  wood  or  albutpram,  except  in  the  annoal 
shoot  immediately  serronnding  tibe  pith;  for  they 
are  not  generated  in  the  succeeding  and  annua) 
layers  by  which  the  stem  and  trank  are  aogCiented 
in  width,  and  are  obliterated  by  age  in  the  vioin}ty 
even  of  tbe  pith  itself.  It  is  impossible^  therefore, 
that  they  should  be  the  channel  of  the  sap's  as* 
cent  through  the  wood  or  albuqsum  of  an  aged 
trunk. 

And  yet  this  opiqion  seems  to  have  been  adopted  Accoiding 
even  by  Dr.  Smithy  upon  the  authority  as  it  appeara  xSlf "' 
of  Dr.  Darwin  and  Mr.  Knight,  whom  he  repre- *«^  Sinith. 
sents  as  having  proved  in  die  most  satisfiictory 
manner  that  the  spiral  vessels  are  the  channel 
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through  whiohthe  «qfi  asoerids.*-  That  this  was 
the  ooimkuBion  dedvoedAom  Dr.  Darwin's  expe* 
riment^  *  there .  is  mo  doubt.  But  it  does  not  appear 
that  Mr.  lijiight  has  deduced  aoy  stich  concluaioa 
fiem  ariy  esperiintfiits  of  hia  own ;  but  certainly 
not  inasinueh  as  rqptrda  the  ascent  of  the  sap 
through  Ihe  ^UNtmum^  in  whioh  he  denies  the  eK* 
istence  of  the  spiral  tubes  altogether,  except  as 
already  stated.  And  although  his  central  tubes, 
whidi  conduct  the  sap  trough  the  leaf  and  leaf? 
stalk  of  woody  plants,  as  wdl  as  through  the  stem 
of  herbaceous  plants,  are  accompanied  with  spiral 
tubes  as  appendages;  yet  these  spiral  ap))endages 
ara  represented  as  conveying  no  fluid.  Hpw  then 
Dr.  Snsit^  cane  to  regard  it  as  Mr.  Knot's  opi-» 
nion  that  the  sap  ascends  through  the  channel  of 
the  spiral  tubes,  it  is  not  easy  to  say,  .except  from 
Mr.  Knight's  occasional  obscurity  and  perplexity 
of  expression,  if  not  of  thought,  that  so  often 
embarrass  the  reader,  even  in  his  moat  luminous 
papers. 
Whichihe  But  What  is  the  office  of  .the  spiral  tubes  where 
Ubie  o^  they  are  certainly  known  to  exirt  I  The  opinion  of 
^^^'  Grew  and  Malpighi,  as  it  is  the  most  aooient,  is 
perhaps  also  tRe  most  correct:  at  least  we  may 
&irly  r^ard  Grew^s  reformed  opinion  in  this  light; 
namely,  that  they  transanit  not  only  air  but  sap. 
It  is  indeed  the  opinion  <^  Knight  that  they  are 
alt(^ther  incapable  of  transmitting  moisture :  but 
*  IntrodttCtiODy  p.  49. 
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this  can  vefer  only  to  their  uncoikedstetej  in  whiob 
they  do  not  form  a  tube^  bat  merelj  a  loosely  aphral 
line;   for  in   the   coiled  up  state  in  which  thqr 
exist  in  the  living  vegetable  and  in  which  the  spikes 
are  united,  they  form  a  perfect,  tobe^  which  we 
cannot  regard  as  incapable  of  transmitting  moisture 
without  some  proof.    On  the  contrary  it  seems  to 
have  been  ascertained  that  they  do  contain  mois- 
ture.   Hedwig,  who  examined  with  great  care,  and 
with  a  view  to  the  very  point  in  question,  the  stem 
of  the  Cucurbita  PepOj  and   Motnardka  Elate^ 
riumj  in  which  the  spiral  tubes  are  comparatively 
large,  affirms  that  the  juices  may  be  seen  issuing' 
from  their  orifices,  if  the  horizontal  sefrtiim  is  in- 
spected immediately  after  the  stem-  is  divided.* 
Senebier  gives  a  similar  account  of  their  appearance 
in  the  stem  of  the  Sagus  fariniferaj  which  he 
bad  chosen  for  the  subject  of  his  obser\'ations.*f- 
And  Hedwig  appears  to  have  succeeded  even  in 
^  inspecting  them  by  means  of  steeping  a  portion  of 
the  stem  in  coloured  infusions  ;.aad  also  in  mea* 
surii^  their  diimeter,  which  he  estima^s^at  about 
the  -rW  ^f  ^  liQ^*     Iq  these  observationa  there 
may  certainly  have  been  error;  but  from  the  known 
accui'acy  of  the  observers  we  are  warranted  ki  re-, 
garding  them  as  correct ;  and  consequently  in  con«*  . 
eluding  that  the  tracheae  or  spiral  tubes,  where  they 
exist,  do  also  conduct  sap. 
But  still  there  remains  a  question  to  be  asked 
•  Fund.  Hiit,  Nat.  Muic.  p.  55.     t  Pb;«.  V«g,  vol.  i/p.  107. 
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Uteni     iatimatdf  eooMded  with  the  8ap*t  aaoent.    Do 
^2^"°^  the  vessels  oonductiiig  the  sap  oommutiicate  with 
one  eoother  bjr  inosculatioD  or  otherwise,  so  as  that 
a  portion  of  their  contents  may  be  conv^ed  in  a 
hteral  direction^  and  consequently  to  any  part  of 
the  plant;   or   do   they    form   distinct   diannels 
throoghout  the  whole  of  their  extent,  having  no 
sort  of  communication  with  any  other  set  of  tubes, 
or  with  one  another? 
Dviied.        Each  of  the  two  opinions  im[died  in  the  question 
has  had  its  advocates  and  defenders.    At  the  head 
of  those  embracing  the  former  we  find  Malpighi ; 
and  at  the  head  of  those  embracing  the  latter  we 
find  Grew;  who,  in  speaking  of  what  he  calls  the 
succiferous  and  air  vessels  of  the  bark  and  wood 
of  the  root,  describes  them  as  being  no  where  in- 
osculated or  twisted  one  about  another,  but  only 
tangent  or  collateral.*  This  was  r^arded  as  a  proof 
that  the  vessels  of  plants  do  not  communicate  la* 
terally,  so  as  to  distribate  their  sap  in  all  directionsy 
but  are  destined  merely  to  the  nourishment  of  a 
particular  part    It  was  also  urged  in  snppcNrt  of 
the  same  opinion,  that  if  a  tree  is  planted  so  as  to 
have  cultivated  ground  on  the  one  side,  and  uncnU 
tivated  ground  on  the  oiher^  Ae  roots  and  branches 
will  be  tbemost  vigorous  and  the  most  luxuriant 
on  the  cultivated  side ;  and  that  if  a  tree  having 
two  or  more  principal  brancbesi  with  the  same 
number  of  principal  roots,  has  one  of  the  roots 
*  Anatomy  of  Roots,  Part  II.  chap.  iii.  and  iv. 
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cut  off,  the  brtBch  corresponding  to  it  will  be  coa* 
^iderably  aflected  by  the  loss. 

But  a  very  little  rtflebtion  will  serve  to  show  thitPMveiL 
the  above  premises  ans  by  no  means  sufficient  to 
justify  the  conclusion  that  has  been  drawn  frdm 
them:  for  although  the  tracheal  as  they  exist  in* 
the  liying  plant  are  not  twisted  one  about  another, 
but  only  tangent  or  collateral,  yet  the  longitudinal 
film  of  which  they,  are  composed  is  itself  perfo- 
rated with  pores,  or  interrupted  with  meshes,  as 
may  be  seen  by  inspecting  those  ai  the  leaf^stalk 
of  the  Artichoke;  so  that  it  is  very  possible  they 
may  be  occasionally  tangent,  where  die  pores  or' 
meshes  shall  meet  And  the  degeneration  of  the 
root  or  branch  in  the  casies  above  stated  is  just 
what  would  have  taken  place,  upon  the  supposition 
that  a  lateral  communication  exists :  for  if  by 
de&nlt  of  nutriment  in  the  direct  Une,  any  root 
or  branch  is  supposed  to  be  nourished  merely  by 
means  of  the  sap  that  may  be  transtnitted  to  it 
through  the  lateral  i^pertures,  its  growth  will  of 
necessity  be  less  luxwiant,  because  its  supply  is 
now  rendered  both  more  scanty  and  more  difficult 
of  access.  So  that  we  have  in  this  argument  a 
refutation  of  the  very  doetrine  it  was  meant  to  sup. 
port ;  for  if  the  root  6r  branch  thus  treated  does  • 
not  absolutely  die,  it  is  a  proof  tfiat  lateral  commu- 
nication must  exist. 

But  the  cxistenoe  of  a  lateral  communiciation 
between  the  vessels  oondocting  the  sap  has  been 
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alio  further  elucidated  by  means  of  direct  expe- 
riment. Du  Hamel  having  selected  a  tree  for  the 
purpose  of  experiment,  made  two  incisions  at  dif- 
ferent heights  and  dn  opposite  sides  of  the  trunk, 
each  penetrating  to  the  centre.  He  then  closed  up 
the  gaps  with  a  mixture  of  wax  and  turpentine,  in 
order  to  prevent  the  action  of  the  air  from  inter- 
fering  in  the  result ;  and  found  accordingly  that  the 
tree  continued  to  vegetate  as  before  the  experiment* 
Hales  took  two  branches  of  equal  size,  in  one  of 
which  he  made  four  incisions,  answering  to  the 
four  cardinal  points,  and  each  penetrating  to  the 
centre;  in  the  oth^r  he  made  no  incision.  He 
then  put  the  extremities  of  both  into  water,  and 
f(p4ind  that  the  branch  that  was  cut  with  incisions 
absorbed  moisture  as  copiously  as  the  one  that  was 
not  so  cut.  Knight  has  also  shown  that  a  branch 
will  still  continue  to  live  though  the  tubes  leading 
directly  to  it  are  cut  in  the  trunk.*  From  all  which 
it  .follows  that  the  sap,  though  flowing  the  most  co^ 
piously  in  the  direct  line  of  ascent,  is  at  the  same 
time  a]so  diftised  m  a  transverse  direction.  But 
this  seems  to  have  been  acknowledged  eyen  by 
Gtrew  himself,  iti  spite  of  all  he  has  advanced  in 
support  of  a  contrary  opinion  :  for  he  says  that 
the  sap  vessels  of  the  bark  being  the  first  year  ad- 
jacent to  the  pitii,  do  all  that  time  transfuse  part 
of  their  sap  in^o  it,  and  so  keep  it  always  succu- 
lent ;'}*  which,  whether  we  regard  as  boing  the  foct 
•  Pbil.  Trans.  1801.  f  Veg.  of  Trunks,  chap.  i. 
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or  not»  is  at  any  rate  admittiog  a  s^peciea  of  la- 
teml  conoHiincatiOD* 


SECTION  III. 

Causes  of  the  Sap's  Ascent. 

From  the  evidence  exhibited  in  the  foregoing 
section  the  ascent  of  the  sap  is  demonstrated,  and 
the  channel  of  its  distribution  ascertained.  Bui 
what  is  the  cause  of  that  ascent ;  or  by  what^ower 
is  the  sap  propelled  ? 

The  great  and  almost  impenetrable  obscurity  in 
which  this  subject  is  unavoidably  involved  has  oc- 
casioned much  diversity  of  opinion  among  phyto- 
logists.  Grew  states  two  hypotheses  which  heHypoth*. 
seems  to  have  entertained  at  different  periods,  Grew, 
though  it  is  not  quite  certain  to  which  of  them  he 
finally  gave  the  preference.  In  one  of  them  he 
attributes  the  ascent  of  the  sap  to  its  volatile  nature 
and  magnetic  tendency,  aided  by  the  agency  of 
fermentation.*  But  this  hypothesis  is  by  much 
too  fanciful  to  bear  the  test  of  serious  investigation. 
In  the  other  he  attributes  the  entrance  and  first 
stage  of  the  sap*s  ascent  to  the  agency  of  capillary 
aitractioD,  and  accounts  for  its  progress  as  follows  : 
The  portion  of  the  tube  that  is  now  swelled  with 
sapi  being  surrounded  with  the  vesieuliip -of  the 

*  An^t  of  Veg«  cliapi  liU 
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Pitrmcbyint,  swelled  also  widi  Mp,  which  they 
have  taken  up  by  suction  or  filtration,  is  conse- 
quently so  compressed^  that  the  sap  dierein  is 
forced  upwards  a  second  stage,  and  so  on  till  it 
reaches  the  summit  of  the  plant.*  But  if  the 
▼esiculae  of  the  Parenchyma  receive  their  moisture 
only  hy  suction  or  filtration^  it  is  plain  that  there 
is  a  stage  of  ascent  beyond  which  they  cannot  be 
thus  moistened,  and  cannot  consequently  act  any 
*  longer  upon  the  longitudinal  tubes.  The  supposed 
cause,  therefore,  is  inadequate  to  the  production  of 
the  eflfect. 
Of  Mai-  Malpighi  was  of  opinion  that  the  sap  ascends  by 
'^''  means  of  the  contraction  and  dilatation  of  the  air 
contained  in  the  air-vessels*  This  supposition  is 
perhaps  somewhat  more  plfiusible  than  either  of 
6rew*8 ;  but  in  order  to  render  the  cause  efficient^ 
it  was  necessary  that  the  tubes  should  be  furnished 
with  valves,  which  were  accordingly  supposed  ;'f* 
bat  (^  which  the  existence  has  been  totally  dis- 
proved by  sueceeding  phytologists.  If  the  stem  or 
branch  of  a  plant  is  cut  transversely  in  the  bleed* 
ing  season,  it  will  bleed,  a  little  from  above,  as  \)^ell 
as  fifom  below :  ^d  if  the  stem  of  any  species  of 

*  Veg.  of  Trunks,  cliap.  i« 

f  Subintrans  itaque  bumor^  sursum  ascendit  et  quasi  suspeh- 
dttur;  singula  namque  portio»  que  Invrcem  itl^raruni  fnistula 
unit,  ctt»  param  interius  emincae,  valvule  vices  supplet,  el  ita 
miaima  quslibet  gattula,  velnti  per  funem,  tea  per  gradus,  ad 
ingens  deduct tur  fitstigiqin.    Anat.  Plant,  vol^  r* 
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ppjurge  is  cut  in  two,  •a  nuilky  juic^  will  aude  Stof^ 
both  sections^  in  almost  any  season  of  the  ymr. 
, Also  if  a  plant  is  inverted^  the  stem  will  become  a 
root^  and  the  root  a  stem  and  branches^  the  sap 
ascending  equally  well  in  a  contrary  direction 
through  the  same  vessels ;  as  may  readily  be  proved 
by  planting  a  willow  twig  in  an  inverted  positioii. 
But  these  facts  are  totally  incompatible  with  tb^ 
existence  of  valves ;  and  the  opinion  of  Malpigbi 
proved  consequently  to  be  groundless* 

The  next  hypothesis  is  that  of  M.  De  la  Hirc^  Of  Ot  h 
who  seems  to  have  attempted  to  account  for  the  ^^ 
phenomenon  by  combining  together  the  theories 
of  Grew  and  Malpighi.  Believing  that  the  ab^ 
sorption  of  the  sap  was  occasioned  by  the  spongy 
parenchyma  which  envelopes  the  longitudinal  tubes, 
he  tried  to  illustrate  the  subject  by  means  of  the 
experiment  of  making  water  to  ascend  in  looarse 
paper^  which  it  did  readily  to  the  height  of  liji 
inches,  and  by  particular  management  even  to  the 
height  of  eighteen  inches*  But  in  order  to  oom>- 
|>lete  the  theory,  valves  were  also  found  to  be  ne^ 
cessary,  and  were  accordiogly  summoned  to  its  aid. 
The  sap  which  was  thus  absorbed  by  the  root  wpp 
supposed  to  ascend  through  the  woody  fibre,  by 
the  force  of  suction,  to  a  certain  height,  that  is,  till 
it  got  above  the  first  set  of  valves,  which  prevented 
its  return  backwards ;  when  it  was  again  supposed 
to  be  attracted  as  before,  till  it  ^ot  to  the  second 
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4et -of  vaWesy  and  so  on  till  it  got  to  the  top  of  the 
pHmt. 

Borclli.  This  theory  was  afterwards  adopted  by  Borelli, 
who  endeavoored  to  render  it  more  perfect  by 
bringing  to  its  aid  the  influence  of  the  condensation 
and  rariflcation  of  the  air  and  juices  of  the  plant 
«8  a  cause  of  the  sap*s  ascent.  And  on  this  prin- 
ciple he  endeavoured  also  to  account  for  the  greater 
force  of  vegetation  in  the  spring  and  autumn  ;  be- 
cause the  changes  of  the  atmosphere  are  then  the 
most  frequent  under  a  moderate  temperature ;  while 
in  the  summer  aifid  winter  the  changes  of  the, at- 
mosphere are  but  few^  and  thenir  and  juices  either 
too  much  rarified  or  too  much  condensed^  so  that 
the  movement  of  the  sap  is  thus  at  least  prejudi- 
<ciaUy  retarded,  if  not  perhaps  wholly  suspended. 
But  88  this  theory,  with  all  its  additional  modifica- 
tions, is  still  but  a  combination  of  the  theories  of 
tSrew  and  Maipighi,  it  cannot  be  regarded  as  af- 
fording a  satisfactory  solution  of  the  phenomenon 
of  the  8ap*s  ascent. 

DuHamel.  With  this  impression  upon  his  mind,  and  with 
*  the  best  qualifications  for  the  undertaking,  Du 
Hamel  directed  his  eflbrts  to  the  solution  of  the 
difficulty,  by  endeavouring  to  account  for  the  phe- 
nomena from  the  agency  of  heat,  and  chiefly  on 
the  following  grounds :  *  Because  the  sap  begins  to 
flow  more  copiously  as  the  warmth  of  spring  re- 
*  Pbj's,  des  Arlh  liv.  v.  chap.  ii. 
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tuni9 ;  because  the  8a|>  is  ftomettaies  found  to  flow 
on  the  south  side  of  a  tree  before  it  flows  on  the 
north  side^  that  iny  on  the  side  exposed  to  the  in- 
fluenee  of  the  sign's  heat  ^o5ner  than  on  the  side 
depmed  of  it;  beeaose  plants  may  be  made  t<» 
vegetate  eytn  in  the  winter,  by  meatis  of  forcing 
them  in  a  hot-house^  and  because  plants  raised 
>h  a  hot-boose  produce  their  ftait  earlief  than  such 
as  vegetAte  in  the  open  air. 

There  cart  be  no  doubt  of  the  great  utility  of 
heat  ia  forwarding  the  progress  of  vegetation ;  but 
it  wtU  rtot  therefore  follow  that  the  motion  and 
ascbnt  of  the  sap  are  to  be  attributed  to  its  agency. 
On  the  coDtrary,  it  is  very  well  known  that  if  the 
temperature  exceeds  a  e^itain  degree^  it  becomes 
then  prejudicial  both  to  the  ascent  of  the  sap  and 
also  to  the  growth  of  the  plteit^  Hales  found  that 
the  sap  flows  kss  rapidly  at.  mid-day  than  in  the 
mornmg  ;  *  and  every  body  knows  that  vegetation 
19  less  luxdriattt  at  mid-summer  IhgH  in  the  spring 
So  aho  in  the  olse  of  forcing  it  happens  but  to6 
often  that  the  produce  of  the  hotThouse  is  totally 
destroyed  by  the  unskilful  application  of  heat ;  and 
if  heat  is  actually  the  cause  of  the  sap*s  ascent^ 
hbw  comes  it  that  the  degree  necessary  to  produce 
the  efiect  is  so  very  vtiriable  even  in  the  same  cli's' 
mate.  For  there  are  m^ny  plants^  such  as  the 
jtrbufus,  Laurus  Tintu,  and  the  Mosses^  that  will 
coatinne  not  only  to  v^tate,  but  to  protrude  their 
•  Vtf  Stat.  Eocper.  $6. 
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blossoms  And  mature  their  fruit,  even  in  the  midst 
of  winter,  when  the  temperature  is  at  the  lowest^ 
And  in  the  case  of  submarine  plants  the  temperature 
can  never  be  very  high ;  so  that  although  heat  does 
no  doubt  facilitate  the  ascent  of  the  sap  by  its  ten- 
dency to  make  the  vessels  expand,  yet  it  cannot  be 
regarded  as  the  efficient  cause;  since  the  sap  is 
proved  to  be  in  motion  even  throughout  the  whole 
of  the  winter.  Du  Hamel  endeavours,  however, 
to  strengthen  the  operation  of  heat  by  means  of 
the  influence  of  humidity,  as  being  also  powerful 
in  promoting  the  ascent  of  the  sap,  whether  as  re- 
lative to  the  season  of  the  year  or  time  of  the  day. 
The  influence  of  the  humidity  of  the  atmosphere 
cannot  be  conceived  to  operate  as  a  propelling  cause, 
though  it  may  easily  be  conceived  to  operate  as 
affording  a  facility  to  the  ascent  of  the  sap  in  one 
way  or  other;  which  under  certain* circumstances 
is  capable  of  most  extraordinary  acceleration,  but 
particularly  in  that  state  of  the  atmosphere  which 
forebodes  or  precedes  a  storm.  In  such  a  state  a 
stalk  of  Wheat  was  observed  by  Du  Hamel  to  grow 
three  inches  in  three  days ;  a  stalk  of  Barley  six 
inches ;  and  a  shoot  of  a  Vine  almost  two  feet ;  but 
this  is  a  state  that  occurs  but  seldom,  and  cannot  be 
of  much  service  in  the  general  propulsion  of  the  sap. 
LinaeuB.  On  this  intricate  but  important  subject  Linnseus 
appears  to  have  embraced  the  opinion  of  Du 
Hamel,  or  an  opinion  very  nearly  allied  to  it;  but 
does  not  seem  to  have  strengthened  it  by  any  new 
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accession  of  argument;  so  that  none  of  the  hitherto 
alleged  causes  can  be  regarded  as  adequate  to  the 
production  of  the  effect. 

Perhaps  the  only  cause  that  has  ever  been  sug«  Saussoic 
gested  as  appearing  to  be  at  all  adequate  to  the 
production  of  the  effect^  is  that  alleged  by  M* 
Saassure«  According  to  Saussure  the  cause  of  the 
8ap*s  ascent  is  to  be  found  in  a  peculiar  species  of 
irritability  inherent  in  the  sap  vessels  themselves, 
and  dependant  upon  vegetable  life ;  in  consequence 
of  which  they  are  rendered  capable  of  a  certain 
degree  of  contraction,  according  as  the  internal 
surface  is  aflfected  by  the  application  of  stimuli,  as 
well  as  of  subsequent  dilatation  according  as  the 
action  of  the  stimulus  subsides;  thus  admitting 
and  propelling  the  sap  by  alternate  dilatation  and 
contraction.  In  order  to  give  elucidation  to  the 
subject  let  the  tube  be  supposed  to  consist  of  an  in- 
definite number  of  hollow  cylinders  united  one  to 
another,  and  let  the  sap  be  supposed  to  enter  the 
first  cylinder  by  suction,  or  by  capillary  attraction, 
or  by  any  other  adequate  means;  then  the  first 
cylinder  being  excited  by  the  stimulus  of  the  sap, 
begins  gradually  to  contract,  and  to  propel  the  con- 
tained fluid  into  the  cylinder  immediately  above  it. 
But  the  cylinder  immediately  above  it,  when  acted 
on  in  the  same  manner,  is  affected  in  the  same 
manner;  and  thus  the  fluid  is  propelled  from  cy» 
linder  to  cylinder  till  it  reaches  the  summit  of  the  , 
plant.     So  also  when  the  first  cylinder  has  dis- 

K  2  .      ' 
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eliMgpd  ite  MBtottIs  int^  the  sceend,  awl  k  n^ 
irngsr  acted  vpoa  bjr  the  stimirlw  af  Ihe  tap^  k 
b^ns  again  to  be  dilated  to-  ill  origMial  cifiaoitTy 
and  prapaed  fot  the  intoosinception  of  »  new 
pertian  af  flyid«.  Thm  i^  supply  iai  eonstantly  kept 
1^  Mid  the  aap  eentinues  te  few. 
Knight  The  dbove  i»  hy  &r  the  ainipleal  as  well  aa  aawt 
tatiifcetory  oC  all  theoriea  aeccMMting  for  the  aaeeiat 
of  the  aapc  But  Mr.  Knight  has  presented  ns  vfitii 
aaotber  which^  whateyer  may  he  itaveaJi  vnhwi  nierito 
al  least  our  paatieukr  nolteey  as  comisig  batm  an 
M^r  whoi  stands*  deservedly  bighi  in  the  liafc  of 
phytoleg^eali  wsitess^  Thia  theony  vests  upam  the 
ptmoiple  of  the  cooCfaetion  and  dilatetbn^  not  ef 
the  sap  vessela  theaasekes^  as*  hs  the  theory  of  Sana. 
surej,  but  of  what  Mr.  Knight  deneitnaiaa  the 
iltfver  grmn,,  assiated  perhaps^  by  hesll  and  himydity^ 
expaiKKBg  or  eoadenaMg  the  iuids«  The  appdb^ 
tioB.  of  the  at'/MT  grmn^  aeams  to  br  synoayaKMia 
with,  that  of  the  medullary  rays  already  axplainad. 
On  the  transverse  section  of  the  tninh  of  woody 
pl^tSy  particularly  the  Oak^  they  appear  in  the 
form  of  the  radii  of  a  circle  extending  from  the 
pith,  to  the  bark,  and  on.  tbe  longitudinal  cleft  or 
fissure  of  the  tr4ink  of  noost  trecs^  but  particiikrly 
the  Elm  ;  they  ^qpaar  in  the  form,  of  fragmenta  of 
thin  and  verticil  Uusiina  or  platas,  interlacing  the 
ascending  tubes  in  a  transverse  direction^  and.loQeb<^ 
ing  them  at  short  intervals^  ao  as  to  form  with  them 
a,  sort  of  irregular  wkcker  work»  or  to  exhibit  die 
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letMnblance  of  a  aort  of  ireb.  Smclk  tben  being 
the  •close  and  complioaded  vniaii  of  the  pkleB  and 
loofptudinal  tubes,  the  pmpuieion  of  the  sap  m 
the  latter  nay  be  easily  aecoaated  for,  as  it  it 
thought,  by  meaas  ef  the  aitemate  ooalractatkm  and 
dtlatalkm  of  the  fernier,  if  'we  will  b«t  allow  them 
to  be  susceptible  to  change  of  teaipeFatuio ;  which 
sweeptihjlity  is  proved,  as  it  is  also  thought,  from 
the  MIowiog  iaeCs  -.-^^On  the  surface  of  an  oaken 
pknk  that  was  exposed  to  the  influence  of  the  sun's 
rays,  the  transverse  layers  were  observed  to  be  so 
considerably  aflected  by  change  of  temperature  as 
to  suggest  a  belief  that  oigans  which  were  still  so 
restless,  now  that  the  tree  was  dead,  cooid  not  have 
lieen  formed  to  be  altogether  idle  while  it  was 
nitve.  Aeoordifigfy  on  the  surface  of  the  trunk  of 
an  Oak  deprived  of  part  of  its  bark^  tlie  longitu- 
dinal deAs  and  fissures  which  were  perceptible 
during  the  day  wei^  found  to  dose  during  the  night. 
But  in  the  act  of  dilating  they  must  press  unavoidably 
on  the  longitudinal  tubes,  and  consequendy  propel 
the  sap ;  while  in  the  act  of  contracting  they  again 
allow  the  tubes  to  expand  and  take  in  a  new  supply. 
This,  as  I  think,  is  the  substance  of  the  theory,* 

But  in  drawing  this  grand  and  s\teeping  condn- 
sion,  it  should  have  been  recdiected  that  change  of 
temperature  cannot  act  upon  the  transverse  layers, 
of  a  tree  that  is  covered  with  its  bark  in  the  same 
nianneras  it  acts  upon  those  of  a  tree  that  is  stripped 

•  Phil.  Trans.  1  sou 
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Ipiuffi-     of  its  barky  or  upon  those  of  a  plank ;  and  if  it  were 
*'^^       even  found  to  act  equally  upon  both^  still  its  action 
would  be  but  of  little  avaiU     For  according  to  what 
law  is  the  machinery  of  the  plates  to  be  contracted 
and  dilated^  so  as  to  give  impulse  to  the  slap  ?    Ac- 
pording  to  the  alternate  succession  of    heat  and 
humidity.    But  this  is  by  much  too  precarious  an 
altfsrnation  to  account  for  the  constant^  and  often 
rapid,  propulsion  of  the  sap,  especially  at  the  season 
of  bleeding.     For  there  may  be  too  long  a  conti- 
nuance of  heat,  or  there  may  be  too  long  a  con* 
tinuance  of  humidity;  and  what  is  to  become  of 
the  plant  during  this  interval  of  alternation?   If 
we  are  .to  regard  it  as  happening  only  once  in  the 
space  of  four  and  twenty  hours,  as  in  the  case  of 
the  Oak,  it  can  never  be  of  much  efficacy  in  aiding 
the  propulsion  of  the  sap.    But  if  we  should  even 
grant  more,  and  admit  the  alternate  contraction  and 
dilatation  of  the  vessels  to  be  as  frequent  as  you 
please,  still  their  effect  would  be  extremely  doubt- 
ful, owing  to  a  want  of  unity  or  co-operation  in 
the  action  of  di&rent  plates,  or  of  different  portions 
of  th^  same  plate.     If  heat,  like  humidity,  entered 
the  plant  by  the  root,  and  proceeded  gradually  up- 
wards like  the  ascending  sap,  perhaps  it  might  be 
somewhat  efficacious  in  carrying  a  portion  of  sap 
along  with  it :  but  as  this  is  not  the  case,  and  as 
the  roots  of  plants  are  but  little  affected  by  change 
of  temperature,  while  the  trunk  and  upper  parts 
ijfiay  be  affected    considerably,  it  can  scarcely  be 
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snppofled  that  the  action'  of  tbeplates  will  be  uni- 
form tbraugbout  the  whole  plant ;  or  rather^  it  must 
be  supposed  that  it  will  dten  be  directly  in  oppo-, 
sition  to  that  which  is  necessary  to  the  propulsion 
of  the  sap.  But  admitting  that  the  sap  is  pro- 
pelled by  the  agency  of  the  plates  in  question«  aqd 
admitting  that  it  has  been  thus  raised  to  the  ex- 
tremity of  the  woody  part  of  the  plants  how  are 
we  to  account  for  its  ascent  in  such  parts  as  are 
yet  higher — the  leaf-stalk  and  leaf,  the  flower* 
stalk  and  flower;  as  well  as  in  the  herb  also,  and 
in  the  lofty  Palm,  in  which  no  such  plates  exist  ? 
Here  itjwill  be  necessary  to  introduce  the  agencj^ 
of  a  new  cause  to  complete  the  work  that  has. been 
thus  begun,  and  of  a  new  set  of  machinery  to 
supply  the  deficiency  or  absence  of  the  macbinefy 
that  has  been  already  invented*  Ip  short  the  theory 
of  Mr.  Knight  is  beset  with  so  many  difficulties^  and 
the  agency  of  the  alleged  oiuse  so  totally  inadequate 
to  the  production  of  the.  effect  to  be  accompUjihed, 
that  of  all  theories  on  tb^  si\\^ect  it  is  perhaps  the 
least  satisfactory,  ^  • 

SECTION  iv. 

Elaboration  of  the  Sap^ 

Ths  moisture  of  the  soil  is  no  sooner  absorbed  C«m- 
into  the  plant  than  it  begins  to  undergo  a  change,  the  root 
This  is  proved  by  tKe  experiment  of  making  a  bore  ^^  •*^"' 
or  incision  in  the  trunk  of  a  tree  during  the  season 
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of  blMdinp;  the  Mp  tiiat  issiits  ftDm  the  wmnnA 
possesflei  pn^rties  very  di Areat  horn  the  mem 
moisture  of  the  eoil,  es  m  nidioeted  by  means  ef 
chemiea)  Analysis,  and  sometimefi  aiso  by  oieaae 
of  a  peculiar  ta6te  or  flavour^  as  in  the  c^se  of  the 
Birch*tree*  Hence  the  sap  has  already  undeffgone 
a  certain  degree  of  elaboration ;  either  m  passing 
through  the  glands  of  the  cellnlar  tissae,  which  it 
Reaches  through  the  medium  of  a  lateral  commih' 
nication/ or  in  mingling  with  the  juices  oootained 
in  the  cells,  and  thus  eanying  off  a  portion  of  them  $ 
in  the  same  manner/  we  may  suppose,  that  water  by 
filtering  through  a  mineral  vein  becomes  impreg» 
nated  with  the  mineral  through  which  it  passes* 

But  this  primaiy  and  incipient    stagq  of  the 

process  of  elaboration  must  Mways  of  necessity 

remain  a  mystery   to    the  pbytologist,  as   being 

whoHy  efected  in  the  interior  of  the  plant,  and 

consequently    beyond   the    leadi    of  observation. 

All  he  can  do,  therefere,  is  to  trace  out  its  ftiture 

progress,  and  to  watch  its  succeeding  changes,  in 

which  the  rationale  of  the  process  of  elaboration 

may  be  more  evident. 

But  is  The  next,  and  indeed  the  principal,  part  of  the 

fccted  in    proccss  of  the  'elaboration  of  the  sap  is  operated 

Jrapli.*'^''"*®'®**'*  for  the  sap  no  sooner  reaches  the  leaf 

tiOB^        than  part  of  it  is  immediately  carried  off  by  mesns  of 

p^spiration,  perceptible  or  imperceptible  s  «0^i^ 

a  change  in  the  proportion  of  its  eomponent  parti, 

and  by  contequeoce  a  change  in  its  propcvtijsi. 


IiBlierfieptiUe  perspiraliw  it  an  excntion  fif  lap  imDmep- 
tbrowo  off  by  the  Epidermis  of  the  leaf  or  other  ^^' 
tooder  {larts  of  the  plants  in  coaseq«efice  of  the 
heaitby  action  of  the  vegetable  organs..  It  ia  not 
diaooveimble  by  the  external  senses,  as  the. name 
indeed  implies,  but  is  legitimately  inferred  fiom 
the  folloiving  ftet  ;^-i-If  liie  branch  of  a  tree  is  lopped^ 
ami  the  section  of  the  part  lopped  off  ccMrered  with 
mastiek,  the  briunch  will  be  fiHind  in  the  course  of 
a  fe«r  days  to  have  lost  in  weight.  This  was  ori*  . 
ginaUy  an  eicperiaieat  of  Mariotte's,  and  die  loss  ic^ 
weight  is  to  be  accounted  for  only  on  the  principie 
of  the  penpiralion  of  the  sap  escaping  through  the 
poDes  of  the  epidermis.  This  exclusion  may  peri- 
haps  be  regarded  as  not  altogetlier  satisfactory,  as 
being  founded  on  an  experiment  made  only  on  a 
lopped-off  branch.  But  the  same  conclusion  fol- 
lows from  experiments. on  Uie  living  plant  :-:*HAles 
reared  a  Sen^ftower  in  a  pot  of  earth  till  it  gnsw  to 
4he  height  of  three  feet  and  a  half;  he  then.  Qo^ered 
Uie  mouth  of  the  pot  with  a  plate  of  lead,  which 
he  cemented  so  as  to  prevent  all  evaponation  from 
the  earth  conUined  in  it  In  this  pilate  he  fixed 
two  tubes,  t;hc  one  nine  inches  in  length  and  of  but 
small  diameter,  left  open  to  serve  as  a  medium  of 
Gommunioation  with  the  external  air;  the  other  two 
inches  in  length  and  one  in  diameter,  for  the  pnv- 
pose  of  introducing  a  suj^y  of  water;  but  kept 
always  shut  except  at  the  time  of  watering;  The 
boles  of  the  bottom  of  the  pot  were  also  shut,  an^ 
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the  pot  and  plant  weighed  for  fifteen  successive 
days  in  the  months  of  July  and  August ;  hence  he 
ascertained,  not  only  the  fact  of  transpiration  by 
the  leaves,  from  a  comparison  of  the  supply  and 
waste ;  but  also  the  quantity  of  moisture  transpired 
in  a  given  time,  by  subtracting  from  the  total  waste 
the  amount  of  evaporation  from  the  pot.  In  a  dry 
and  hot  day  it  transpired  the  most,  and  in  a  damp 
and  wet  day  it  transpired  the  least ;  the  mean  rate 
of  transpiration  being  1  lb.  4oz. — 17  times  more  in 
proportion  than  that  of  the  human  body.  In  a  hot 
and  dry  night  without  dew  it  transpired  3oz. ;  in 
a  dewy  night  it  did  not  transpire  at  all ;  and  in  a 
rainy  night,  or  night  of  much  dew,  its  weight  was 
increased  by  3oz.  . 

Hales  suspected  that  the  quantity  transpired  was 
in  proportion  to  the  e):tent  of  the  surface  of  the 
leaves,  which  he  regarded  as  the  principal  organs 
of  transpiration ;  and  ascertained  also  the  relative 
proportion  of  the  capacity  of  the  leaves  for  trans^ 
piration  as  compared  to  the  capacity  of  the  root 
for  absorption.  The  surface  of  the  leaves  and  stem 
of  the  plant  which  was  the  subject  of  experiment 
was  found  to  be  equal  to  about  56 1 6  square  inches; 
and  the  surface  of  the  root  of  the  same  plants  or 
rather,  as  I  believe,  of  a  plant  of  nearly  the  same 
size,  was  found  to  be  about  2286  square  inches,  the 
latter  being  to  the  former  in  the  proportion  of  two 
to  five;  from  which  it  follows  that  the  absorbing 
power  of  the  root  is  greater  than  the  transpiring 
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power  of  the  leaves,  in  the  proportion  of  five  to  two. 
Similar  experiments   were  also   made  apon  some 
species  of  cabbage,  whose  mean  transpiration  was 
found  to  be  1  lb.  3oz.  per  day ;  and  on  some  species 
of  evergreens,  which  were  foutid,  however,  to  tran- 
spire less  than  other  plants.     The  same  is  the  case 
also  with  succulent  plants,  which  transpire  but  little 
in  proportion  to  their  mass,  and  which  as  they 
become. more  firm   transpire   less.      It  is  known, 
however,  that  they  absorb  a  great  deal  of  moisture, 
though  they  give  it  out  thus  sparingly ;  which  we 
cannot  but  regard  as  a  wise  institution  in  nature  for 
the  purpose  of  resisting  the  great  droughts  to  which 
they  are.generally  exposed,  inhabiting,  as  they  do  for 
the  most  part,  the  sandy  desert  or  the  sunny  rock. 
Along  with  his  own  experiments  Hales  relates 
also  some  others  tl^at  were  made  by  Mr.  Millar, 
of  Chelsea ;  the  result  of  which  was  that,  other  cir- 
cumstances being  the  same,  transpiration  is  in  pro- 
portion to  the  transpiring  surfaces ;  and  is  affected 
by  the  tensperature  of  the  air,  sunshine,  or  drought 
promoting  it,  and  cold   and  wet  diminishing  or 
suppressing  it  entirely.      It  is  also   greatest  from 
six  O'clock  in  the  morning  till  noon,  and  is  least 
during  the  night.    But  when  transpiration  becomes 
too  abundant  owing  to  excess  of  heat  or  drought, 
the  plant  immediately  suffers  and  begins  to  lan« 
guish  ;  and  hence  the  leaves  droop  during  the  day, 
though  they  are  again  revived  during  the  night. 
For  the  same  or  for  a  similar  reason,  transpiration 
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hail  beeu  found  also  to  increase  as  the  heat  fof 
Mimmer  advances ;  being  more  abundaaC  in  Joif 
than  in  June^  and  still  more  in  Augast  than  to 
either  of  the  preceding  months,  from  which  last 
period  it  begins  again  to  decrease. 

But  the  most  remarkable  instance  of  rapid  traor 
apiration  yet  observed  is  that  which  is  related  by 
Guettard^  who  found  that  a  small  sprig  of  the 
Coraeil*tree  or  Cornelian  Cherry,  Camue  masculs^ 
transpired  in  the  course  of  a  day  1  oz.  34  drams, 
a  quantity  almost  double  its  own  weight.  He  fiMind 
also  in  general  that  branches  deprived  of  their 
leaves  afford  but  little  transpired  matter,  and  that 
branches  furnished  with  lli^r  leaves  a&rd  a  great 
deal;  it  follows,  therefore,  Of  necessity  that  the 
leaves,  as  Hales  suspected,  are  the  principal  origans 
of  transpiration. 

The  subistance  thus  transpired  by  the  (dant  may 
be  obtained  by  enclosing  a  bough  in  a  glaaa  vesae^ 
of  proper  dim^isions  luted  to  the  branch.  Its  pro- 
perties  have  not  yet  been  very  minutely  investi- 
gated ;  Hales  and  Guettard .  could  discover  in  it 
nothing  different  from  pommon  water  except  that  in 
sopae  cases  it  had  the  odour  of  the  plant  s  hut  Du 
Hamel  found  that  it  became  sooner  potiid  than  water. 
Or  per-  ,  Such  theo  are  the  facts  that  have  been  ascertaiaed 
*****  '  with  regard  to  the  imperceptible  perspiration  of 
plants,  from  which  it  unavoidably  follows  that  the 
sap  undergoes  a  very  considerable  modification  in 
its  passage  through  the  leaf.    Bi^t  it  often  under- 
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g0e8  also'  »  tertfaef  fdodificaticfn  in  condeqotnce  of 
what  ii»3r  faiK  cdled  pempttbls  persprration,  wMch 
im  wm  nrndtudan  of  sap  too  gfosft  ot  too  abandaM 
to  Im"  di^ipated  rmincdiatdy,  and  whi^  haaee  a^- 
ctfiBulatca  on  the  suffbceof  tbe  leaf.  It  is^  veff 
g^Bfnendly  to  be  met  with  in  the  oonrse  of  tbe 
aoniiner  an  theleifireft  of  the  Maple^  Pophir,  and 
hime^tstet ;.  but  patticalarljr  on  the  unrSa^te  exposed 
to  ttka  uutky  which  it  gometimes  wholly  cavers.  Its 
physical,  as  weM  as  chemical  qualities  are  very  dif- 
ferent ia  diffisrent  species  of  plants ;  so  that  it  is 
Bol  akways  meraly  an  exudation  of  sap,  but  of 
sap  in  a  high  state  of  elaboration,  or  miagled 
wtdk  the  pecnliar  juices  or  secretrioits-  of  die  y^znU 
SooMtiases  il  is  a  clear  and  watery  Arid  conglo- 
mesating  isto*  hvge  dvops^  saeh  as  ate  said  to  have 
bean  observed  by  Mk  Millar,  of  Chelsea,  coding 
6mqi  the  h«rea  of  the  Mma  arbors  <sr  Pkntain*- 
troe ;  mA  swsh  as  are  sometimes  to  be  aeen  in  hot 
and  eakn  weather,  exuding  from  the  leaves  of  tbe 
PojJar,  or  Willow,  and  trickling  down  in  such 
abundance  as  to  resemble  a  slight  shower.  This 
nieiKnneiioii  was  observed  by  Dr.  Smith  under  a 
grove  of  WillewS)  in  Italy,*  and  is  said  to  occur 
sometittes  even  in  Bngland.-f*  Sometimes  it  is 
glutinous,  as  on  the  leaf  of  the  Lime-tree ;  some- 
times it  is  waxy,  as  on  the  leaves  of  Rosemary; 
sometimes  it  is  saccharine,^  as  on  the  Orange  leaf, 
according  to  the  account  of  M.  De  la  Hire,  as  re- 
*  Lecturss  at  Jli  Intt.  f  Introd.  p.  I8S. 
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lated  by  Du  Hamel ;  who  having  observed  under 
some  Orange^trees  a  saccharine  substance  some* 
what  resembling  Manna,  found  upon  further  inve^ 
ligation  that  it  had  fallen  from  the  leaves.*  Some- 
limes  it  is  resinous,  'as  on  the  leaves  of  the  Cistus 
creticus,  from  which  the  resin  known  by  the  name 
of  Labdanum.  is  obtained,  by  means  of  beating  it 
gently  with  leathern  thongs  to  which  the  exudation 
adheres  ;-f'  as  also  on  the  leaves  of  the  Popuba 
dilatatOj  or  Lombardy  Poplar,  the  exudation  from 
which  Ovid  in  his  metamorphosing  flights  regards  as 
the  tears  of  Phaeton's  sisters,  whom  he  transforms, 
"as  it  is  supposed,  into  this  species  of '  Poplar.^ 
Their  tears  were  now  gum.§  The  leaves  of  Prax- 
inella  or  Dktamnus  albus  are  also  said  to  be  often 
covered  with  a  sort  of  resinous  substance.  And 
after  a  hot  day,  if  the  air  is  calm,  the  plant  is  even 
found  to  be  surrounded  with  a  resinous  atmosphere, 
which  may  be  set  on  fire  by  the  application  of  the 
flame  of  a  candle.  This,  as  I  think,  wa^  the  dis- 
covery of  a  daughter  of  the  celebrated  Linn^&us. 

The  cause  of  this   excess    of  perspiration  haar 
not  yet  been  altogether  satisfactorily  ascertained  $ 
though  it  seems  to  be  merely  an  efibrt  and  insti- 
tution of  nature  to  throw  off  all  such  redundant 

*  Phys.  des  Arb.  vol.  i.  p.  130.       f  Voyage  de  Tournefort- 

t  Smkh's  Introd.  p.  18^. 

%  Inde  fluunt  lachrymx,  stillataque  sole  ngescunt 

De  ramis  electra  novis,  quas  lucid  us  amnis 

Excipit,  et  nuribus  mittit  gcstauda  Latinis.  Ovid.  Met.  ii«  375. 
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juices  as  may  have  been  absorbed^  or  secretions  as 
may  have  been  formed,  beyond  what  are  necessary 
^to  the  due  nourishment  or  composition  of  the  plant, 
or  beyond  what  the  plant  is  capable  of  assimilating 
at  the  time.  Hence  the  watery  exudation  is  per- 
haps nothing  more  than  a  redundancy  of  the  fluid 
thrown  off  by  imperceptible  perspiration^  and  the 
waxy  and  resinous  exudations  nothing  more  than 
a  redundancy  of  secreted  juices  ;  all  which  may  be 
still  perfectly  consistent  with  a  healthy  state  of  the 
plant.  But  there  are  cases  in  which  the  exudation 
is  to  be  regarded  as  an  indy^ation  of  disease,  par- 
ticularly in  that  of  the  exudation  known  by  the 
name  of  Honey*dew,  a  sweet  and  <  viscid  substance 
covering  the  leaves  like  a  varnish,  and  sometimes 
occasioning  their  decay.  Such  at  least  seems  to  be 
the  fact  with  regard  to  the  honey-dew  of  the  Hop, 
which,  according  to  the  observations  of  Linnaeus, 
is  the  consequence  of  the  attacks  of  the  caterpillar 
of  the  ghost  moth  injuring  the  root.  And  such 
seems  also  to  be  the  fact  with  regard  to  the  honey- 
dew  of  the  Beech*tree,  which  Dr.  Smith  regards 
as  the  consequence  of  an  unfavourable  wind.*  But 
whether  the  honey-dew  of  the  Oak  is  to  be  re- 
garded as  an  indication  of  disease  I  cannot  say,  as 
I  have  often  met  with  it  on  trees  and  leaves  that 
seemed  perfectly  healthy.  The  sap  then  in  the 
progress  of  its  ascent  from  the  extremity  of  the 
root  to  the  extremity  of  the  leaf  undergoes  a  con- 
*  Introdoction,  p.  ISc;. 
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nderaMe  change,  fitst  iii  its  mixing  iiritfa  the  jvices 
atresdy  coiUaiMd  in  the  prlant,  and  then  in  its 
tbrdteiiy^  off  a  poftitiw  at  the  leif.  Perlrapv  it  is 
also  Ibftber  siflected  by  mdftnri  of  the  gases  enteHiig 
into  the  root  along  tritb  thd  moialiire  of  the  ioit^ 
but  cafCaiDly,  by  meaurs  of  th«  gases  inhaled  int6 
th^  teaf ;  the  action  and  ekiboration  of  which  I 
stiall  now  proceed  to  elcfcidate. 


SECTION  V. 
Elaboration  of  Carbonic  Acid. 

CnlioQic       Thk  utility  of  carbonic  acid  ^  as  a  vegetable 
inhalS'byfood   has   been   airtedy  shown   in    tber  prededrng 
duriM^ihc  ^^^®^>  in  which  plants  were  foaml  not  only  to 
^J-         absorb  it  by  the  root  aiong  with  the  moialare  6f 
the  sotl^  but  also  to  inhale  it  by  the  leaF^s^  at 
least  when  vegetating  i^  the  ^mi  or  during  the  day. 
But  how  is  the  elaboration  of  this  gas  efiected  ?  Is 
it  assimilated   to  the  vegetable  substance  iname-^ 
dWtely  upon  entering  the  plant,  or  is  ilfe  assiniiiatiofi 
efiected  by  means  of  intermediate  steps  ?   The  gas 
thus  inhaled  or  absorbed  is  not  assimilated  imme* 
diately,  or  at  least    not  wholly :  for  it  is  known 
EvoUed     that  plants  do  also  evolve  carbonic  acid  gas  wheil 
aiSbi?  ^"*  vegetating  in  the  shade,  or  during  the  night.     The 
circumstance  that  led  to*  this  discovery  was  asr  fol- 
lows :— About  the  year  177 1^  Priestley  in  his  esperr- 
ments  on  air  found  that  a  cabbage  leaf  which  was 
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fiaced  unddr  a  glass  vessel  filled  with  comlnofl  air 
for  the  space  of  one  night  only^  had  no  affected  its 
atmosphere  by  next  morning  ^at  a  candle  would 
not  burn  in  it,  and  yet  the  leaf  showed  tlo  sytnp* 
tools  of  putrefactiodi*  This  fact  he  did  not  at  the 
time  attempt  to  account  for ;  so  that  it  was  not  y6l 
linown  whether  the  change  produced  in  the  attnoi^ 
pfaeM  of  the  leaf  was  otcft^toned  by  th6  abstraction 
of  any  constituent  part,  or  by  the  addition  of  stiy 
extraaeoos  substance.  Thd  tfu^  cause  was  aftet» 
wards  ascertained  by  Saussiire  t  into  a  fiiseiver  coti" 
taining  only  atmospAierio  air,  Saussurd  ititfOddced 
some  plants  of  Vicia  Faba,  and  phceA  th^  appa^ 
ratds  in  the  shade ;  but  at  the  end  of  olx  dayi 
when  the  experiment  was  stopped,  the  ttftfiosph^ili 
of  the  reoeiver  was  found  by  the  application  Of 
IHtte  water  to  contain  -fW  ^f  carbonic  itid«  tnto 
another  reoeiver  containing  also  atniOspberic  air  be 
introduced  at  the  same  %m6  several  o€h#r  plants  of 
the  Mme  species,  together  with  a  small  quantity  of 
KiiM,  and  placed  the  rsceiter  OVef  Unne  Wrkfet^ 
kifibg  tlie  apparatus  in  the  shade.  At  the;  end  of 
the  six  days  of  experiment  the  atmo^pbeve  of  tlia 
fMeivet  contained  -rl^  of  carbonic  acld^  though  ft 
gMA  deal  mnst  have  been  abstracted  also  bf  tiM 
lim^  i  but  in  both  these  experiments  the  eXeeM  of 
^M'bonic  acid  gas  found  in  the  atnK>sph6rd  of  the 
plants^  could  have  been  derived  only  froin>  Aie 
planu  themselves.  Plants,  then,  vegetating  in  em^ 
•  Wcstley  an  Alt,  tcrf.  i  p.  it 
VOU  II.  h 
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fined  atmospheres  evolve  carbonic  acid  gas  in  the 
shade^  or  during  the  night ;  and  the  vitiated  state 
of  their  atmospheres  after  experiment  is  owing  to 
that  evolution. 
Pioeeu  of  But  in  this  alternate  inhalation  and  extrication 
lioo.  ^  of  carbonic  acid^  is  any  part  of  it  assimilated  to  the 
plant?  or  is  the  quantity  extricated  alvrays  equal 
to  the  tjuantity  inhaled?  From  the  continual  in* 
cVease  of  the  carbon  of  the  vegetating  plants  the 
assimilation  of  carbonic  acid  is  unquestionable; 
and  the  supply  inhaled  by  the  leaves  indispensable 
to  vegetation.  For  if  the  carbonic  acid  that  is 
evolved  in  the  night  is  withdrawn  from  the  artificial 
atmosphere  as  soon  as  it  is  formed^  the  leaves 
wither  and  the  plant  dies.  Into  a  receiver  con» 
taining  atmospheric  air  deprived  of  its  carbonic 
acid,  in  which  a  Pea  had  been  made  to  vt^etate^ 
Saussure  introduced  a  small  quantity  of  lime, 
placing  the  receiver  over  lime  water,  and  exposing 
the  apparatus  to  the  sun.  On  the  second  day  the 
atmosphere  of  the  plant  had  diminished  in  volume. 
On  the  third  day  the  lower  leaves  began  to  fade ; 
and  on  the  fifth  or  sixth  day  the  stem  was  com- 
pletely stript  of  its  leaves ;  the  atmosphere  when 
examined  was  found  to  be  vitiated,  containing 
only  -ji^  of  oxygene.  But  there  had  been  an  ah- 
sorption  of  carbonic  acid  by  the  lime,  and  conse« 
quently  a  formation  of  that  acid,  the  component 
parts  of  which  could  have  been  derived  only 
from  the  plant.    The  elaboration  of  carbonic  acid 
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gas,  therefore^   is   essential,  to  vegetation  in   the 
sun. 

But  plants  which  were  made  to  vegetate  at  the 
same  time  in  receivers  filled  with  common  air  with- 
out lime  had  effected  no  change  in  their  atmosphere 
either  in  purity  or  volume ;  this  seems  to  conti*adict 
the  necessity  of  the  elaboration  of  carbonic  acid. 
But  the  process,  was  here  imperceptible  only  because 
the  plant  again  inhaled  the  gas  4n  the  same  pro- 
portion in  which  it  had  previously  evolved  it,  or 
formed  it  with  the  surrounding  oxygene. 

It  should  be  added,  however,  that  the  action  of 
lime  water  did  not  produce  the  same  destructive 
effect  upon  the  .leaves  of  succulent  plants,  such  as 
the  Cactus,  when  treated  as  above ;  which,  owing 
to  their  very  thick  parenchyma  and  less  porous 
epidermis,  thus  seetn  to  retain  more  obstinately  the 
carbonic  acid  which  they  form. 

But  the  result  of  such  experiments  as  were  con- 
ducted in  the  shade  was  very  different ;  for  so  far 
were  plants  thus  exposed  from  showing  any  symp* 
toms  of  langour  or  decay  when  placed  under  re<* 
ceivers  containing  lime  and  lime  water,  that  their 
growth  was  even  more  vigorous  than  that  of  others 
which  were  placed  under  receivers  containing  only 
common  air.  The  mean  augmentation  of  each 
plant  in  the  receiver  containing  lime  was  seven 
grains  in  the  space  of  six  days  ;  and  the  proportion 
of  carbonic  acid  remaining  after  the  experi- 
ment -rfy;  while  the  mean  augmentation  in  the 

h  2 
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receiver  without  lime  was  only  five  graias  in  the 
same  space  of  time,  though  it  appeared  by  the 
application  of  lime  water  that  the  proportion  of 
carbonic  acid  remaining  after  the  experiment  waa 
^fVv*  Saussure  explains  the  phenomenon  thus: 
the  great  quantity  oi  carbonic  gas  evolved  by  plants 
in  the  shade  is  prejudicial  to  their  vegetation  at 
least  in  confined  atmospheres  ;  but  a  partial  priva* 
tion  of  the  gas  thus  produced  is  beneficial  to  their 
iregetation.^ 

The  foregoing  experiments  were  made  upon 
plants  vegetating  in  pure  water }  but  Saussure  made 
some  experiments  also  on  plants  vq^etating  in  the 
earth,  by  means  of  enclosing  part  of  a  bough  in  a 
large  globe  of  glass.  The  results  obtained  were 
upon  the  whole  similar  to  die  former ;  but  in  ^ 
ease  of  the  decay  of  the  leaves  by  their  exposnrs 
to  the  sun  and  to  the  action  of  lime^  the  eflect  was 
produced  more  slowly.  It  should  be  recollected, 
however^  that  the  cases  are  not  pecisely  similar; 
for  though  the  plants  were  in  both  cases  equaVy 
deprived  of  the  external  action  <^  carbonic  acid  gas 
upon  llieir  leaves ;  yet  there  was  a  supply  of  that 
gas  communicated  to  the  plant  from  the  oil  in  the 
one  case  that  could  not  have  been  comnmnicated  te 
it  in  the  other. 
By  the  a»-     The  elaboration  of  carbonic  acid  then  in  phots 

•imilatioD  a  j.     ^%.  •  -        i  •        •        .         . 

of  its  car-  cxpo^eH  to  the  sun  is  unquesliooable  r  but  m  what 
i^£n  State  18  it  actually  assimilated  to  the  plaiit?  Is  it 
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isrimilated  in  the  state  in  which  it  is  inhaled  ?  or 
is  it  prerioasly  decomposed  ?  It  had  been  observed 
bj  Ingenhontz  that  the  leaves  of  plants^  if  placed 
in  water  and  exposed  to  the  action  of  the  sun's  rays^ 
will  evolve  a  quantity  of  oxygene  gaa»  It  was  af* 
terwards  ascertained  by  Senebier  that  this  process 
takes  place  only  wb^n  the  leaves  are  fresh  and  the 
water  impregnated  with  carbonic  acid.  For  when 
the  water  was  deprived  of  its  carbonic  add  by 
boiling,  or  in  the  course  of  experiment,  there  was 
no  more  oxygene  evolved.  Bnt  when  the  water 
was  again  impregnated  with  carbonic  acid,  the 
extrication  of  oxygene  recommenced  as  before ;  the 
conclusion,  therefore,  is  obvious  and  the  pheno- 
menon satisfactorily  accounted  for.  The  carbonic 
acid  gas  contained  in  the  water  is  abstracted  and 
inhaled  by  the  leaf,  and  immediately  decomposed ; 
die  carbon  being  assimilated  to  the  substance  of  the 
plant,  and  the  oxygene  evolved* 

Such  was  the  important  discovery  of  Senebier; 
affiirding  an  undoubted  proc^of  the  decomposition 
of  carbonic  add.  But  the  effects  of  tliat  decompo- 
sition had  not  yet  been  analysed ;  nor  was  it  yet 
ascertained  whether  the  quantity  of  oxygene  evolved 
was  more  or  less  than  the  quantity  contained  in 
the  composition  of  the  carbonic  acid,  or  eqiial  to  it. 
Hie  solution  of  the  question  was  reserved  foi'  Saus- 
sure,  who  after  a  variety  of  experiments  obtained 
the  most  satisfactory  results. 

In  an  artificial  atmosphere  composed  of  common 
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air  and  carbonic  acid  gas  the  eudiometer  indicated 
■yV^  of  oxygene ;    and  lime  water  74  of  carbonic 
acid    gas.      Into  the  receiver  containing  this  at- 
mosphere   there'  were    introduced    several  plants 
of  the  Finca  minor;   the  apparatus   was  exposed 
during  six  days  to  the  direct  rays  of  the  sun,  from 
five  o'clock  in  the  morning  till  eleven.     On  the 
seventh  day  the  plants  were  taken  out ;  they  had 
undei^one  no  alteration^  nor  had  their  atmosphere 
sustained  any  perceptible  change  of  volume.     But 
the  lime  water  gave  no  longer  any  indication  of  the 
presence  of  carbonic  acid  gas,  and  the  eudiometer 
indicated  24*5  parts  in  the  hundred  of  oxygene. 
The  capacity  of  the  receiver  was  2go  cubic  inches ; 
it  contained,  therefore,  before  the  experiment  ai  1  *92 
inches  of  nitrogene,  56*33  of  oxygene,  and  '21*75 
of  carbonic  acid.     But  after  the  experiment  it  was 
found  to  contain  218*95  cubic  inches  of  nitrogene, 
.  and  71 '05  of  oxygene,  which  were  the  whole  of  its 
contents;  the  carbonic  acid  gas  had  disappeared. 
The  plant  then  had  decomposed  or  elaborated  2 If 
cubic  inches  of  carbonic  acid  gas.     Now,  if  in  the 
process  of  decomposition  the  whole  of  the  oxygene- 
had  been  disengaged,  there  would  have  been  also  a 
quantity  of  oxygene  produced  equal  in  volume  to 
the  carbonic  acid  that  had^  disappeared ;  but  the 
quantity  of  oxygene  disengaged  was  only  14-i.  cubic 
inches*     The    plants   then  had  assimilated   seven 
cubic  inches  of  oxygene  in  decomposing  die  car- 
bopip  acid;  and  had  at  the  same  time  producec] 
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iseven   cubic  inches  of  nitrogene.     Several  plants 
of  the  same  species  were  made  to  vegetate*  in  a 
similar  apparatus,  at  the  same  time  and  in  the  same 
exposure,  iu-'pure  atmospheric  air.     Their  atmos- 
phere was  not  altered  either  in  purity  or  volume, 
but  their  carbon  instead  of  augmenting  had  rather 
diminished ;   whilst  the  carbon  of  the  others^  as 
was  found  by  comparative  analysis  had  augmented 
very  considerably.     Eicperiments    of    the     same  Of  whicii 
kind  were  made  upon  Mentha  aquatica^   X^Mnim  animilftte 
Salicaria,  Pinus  genevensis,  and  Cactus  Opuntia  ;^  ^^'     ; 
and  the  results  were  always  similar,  from  which  it 
follows  also  that  plants  decomposing  carbonic  acid 
gas  assimilate  at  least  a  part  of  the  oxygene  which 
it  contains. 

Such  are  the  several  resuUs  obtained  from  expe- 
riments^ concerning  the  accuracy  of  which  there 
cui  be  no  doubt.  The  decomposition  of  carbonic 
acid  gas  takes  place  only  during  the  light  of  day, 
though  Saussure  has  made  it  also  probable  that 
plants  discompose  a  part  of  the  carbonic  acid  gas 
wliich  they  form  with  the  surrounding  oxygene 
even  in  the  dark.  But  of  this  there  does  not  yet 
exist  any  satisfactory  proof;  how  the  light  acts  is 
not  certainly  known.  But  the  effect  is  operated 
chiefly  by  means  of  the  leaves  and  other  grjpen  parts 
of  vegetables,  that  is,  chiefly  by  the  parenchyma ; 
the  wood,  roots,  petals,  and  leaves  that  have  lost 
their  green  colour  not  being  found  to  exhale  oxy- 
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gen^  gfla.  It  may  be  ob^erv^d^  however^  that  thfi 
green  colour  h  not  %n  absolutely  osiential  cbaracter 
of  the  pai1;9  decomposing  carbonic  ecid ;  because 
the  leaves  of  a  peculiar  variety  of  the  Jiripler 
Ifort^mis,  in  which  all  the  green  parts  change  to 
red,  do  still  eihale  oxygene  gas.  But  all  leavea 
have  not  the  same  facility  in  decomposing  carbonic 
acid  I  a  plant  of  Ly  thrum  ISMicaria  has  been  known 
to  decompose  in  one  day  seven  or  eight  times  its 
volume,  while  many  other  plants  cannot  decom* 
pose  the  one^'fifth  or  even  the  one«tenth  of  that 
quantity;  though  in  general  it  may  be  observed 
that  the  leaves  and  other  green  parta  of  the  plant 
decompose  it  in  proportion  to  their  surface,  and  not 
in  proportion  to  their  Tolume.  But  how  is  th# 
formation  of  nitrogene  to  be  accoanted  for,  which 
is  always  found  to  be  extricated  along  with  the 
Qxygme  thus  evolved  by  the  leaves }  The  subject 
is  yet  enveloped  in  much  obscurity,  as  well  as  the 
means  of  giving  it  the  elucidation  to  be  desired ; 
but  perhapi  it  is  abstracted  from  the  interior  of  the 
leaf  through  the  medium  of  the  evolved  oxygen* 
for  which  it  is  known  to  have  an  aflinity. 
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SECTION  VI. 
Elaboration  of  Oxygene. 

In  treating  of  the  utility  of  the  gases  as  a  veg«* 
table  fibod  it  has  been  already  shown  that  the  leaves 
of  plants  abstract  oxygene  from   confined  atmos^ 
pberes^  at  least  when  placed  in  the  shade^  though 
they  do  not  inhale  all  the  oxygene  that  disappears ; 
but  it  has  been  further  proved  from  experiment^ 
that. the  leaves  of  plants  do  also  evolve  a  gas  in  theTheieavn 
sun.     This  phenomenon    was  first  observed    byaisen^ge 
Bonnet,  who  gave  indeed  a  wrong  explanation  of  it;  J^f^J*^"^^* 
beliviog  it  to  be  the  extrication  of  the  air  that  might  ^^°  ^y 
have  entered  the  plant  along  with  the  sap,  or  be- 
lieving it  to  come  directly  from  the  water.     His 
method  was  to  expose  the  leaves  to  the  sun>  in  an 
inverted  glass  vessel  filled  with  water ;  air  bubbles 
began  immediately  to  disengage  themselves  from 
the  sur&oe  of  the  leaves,  and  to  ascend  to  the  sum* 
mit  of  the  water. 

The  next  experiments  on  this  subject  are  those  of  And 
Priestley,  who  discovered  that  the  leaves  of  plants  "^  ^' 
in  a  state  of  vegetation  have  the  property  of  aroeli* 
orating  vitiated  air.  On  the  l7th  of  August  1 771* 
he  put  a  sprig  of  Mint  into  a  quantity  of  atmo^* 
spheric  air  in  which  a  candle  had  burnt  out,  and 
found  after  confining  it  till  the  27th  of  the  same 
months  that  the  air  was  again  ameliorated  and  ca-. 
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pableof  supporting  combustion:  another  candle 
burned  in  it  perfectly  well.*  The  experiment  suc- 
ceeded also  with  sprigs  of  Balm,  and  with  plants  of 
Groundsel  and  Spinach,  and  the  process  seemed  to 
depend  on  the  vegetating  state  of  the  plant ;  for 
when  detached  leaves  only  were  introduced^  they  did 
not  ameliorate  the  air^  though  they  were  yet  per- 
fectly fresh.  The  ameliorating  of  a  quantity  of 
vitiated  air  by  means  of  confining  a  sprig  of  Winter 
jSavoury  in  it  for  five  or  six  days  was  ascertained 
also  by  the  application  of  the  eudiometer.  Equal 
measures  of  the  confined  atmosphere  and  nitrous 
gas  occupied  a  space  equal  only  to  1  *275.  Hence 
the  vitiated  air  was  evidently  ameliorated  by  the 
plant.  It  does  not,  however,  appear  that  Priestley 
had  yet  discovered  the  rationale  of  the  above  ame- 
lioration, whether  it  was  by  abstraction  or  extrica* 
Who  finds  tion  \  but  he  discovered  some  years  afterwards  that 
pore  or     plants,  when  placed  in  water  and  exposed  to  the 

S2tt!?air.  ''S^*  ^^  *^®  •**"*  K*^®  ^"*  vihtLt  was  then  called  pure 
or  dephlogisticated  air.  In  the  course  of  his  ex* 
periments  on  the  growth  of  plants  in  water  impregw 
nated  with  fixed  air,  he  had  observed  air-bubbles 
issuing  spontaneously  from  the  stalks  and  roots  of 
several  plants  growing  in  water  that  was  not  so  im* 
pregnated ;  believing  that  the  air  th^is  extracted  had 
percolated  through  the  plant,  he  thought  he  had 
now  discovered  the  clue  that  was  to  lead  him  infal- 
libly to  the  ascertaining  of  the  fact  of  the  ameliora- 
•  On  Air,  vol.  i.  p,  50. 
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lion  or  contamination  of  the  air  of  the  atmosphere 
effected  by  the  vegetating  plant.  For  if  this  air  was 
purer  than  that  of  the  atmosphere,  then  it  seemed 
to  afibrd  a  proof  that  the  phlogiston  of  the  atmos- 
pheric air  had  been  retained  by  the  plant  as  its  true 
food,  and  the  pure  part  liberated,  agreeable  to  the 
hypothesis  by  which  he  supposed  phlogiston  to  be 
the  pabulum  of  plants. 

In  order,  therefore,  to  ascertain  the  fiict  he  plung* 
ed  into  water  a  number  of  phials  containing  sprigs 
of  Mint,  so  as  that  the  air  discharged  might  be  re* 
tained  in  them,  the  bottoms  being  a  little  elevated.- 
The  sprigs  thus  placed  continued  to  vegetate  and  also 
to  evolve  air,  so  that  in  the  course  of  a  few  days  he 
procured  an  ounce  measure  of  it,  which  proved  to 
be  so  pure  that  when  mixed  with  equal  measures  of 
nitrous  gas  the  mixture  occupied  but  the  space  of 
one  measure.  In  repeating  the  experiment  he^ 
found  that  many  of  his  phials  became  lined  with  a 
green  vegetable  matter^  Conferva  mimmdr^  which  also 
gave  out  bubbles  of  pure  air  when  exposed  to  the 
light  of  the  sun,  but  never  except  in  such  exposure. 

From  the  above  experiments,  made  in  the  month 
of  June  1788,  Priestley  inferred  that  the  air  of  the 
atmo^here  is  ameliorated  through  the  process  of 
vegetation,  and  purged  of  the  impurities  with  which 
it  is  loaded  by  the  putrefiction  of  vegetable  and 
animal  substances,  the  noxious  part  being  assimi- 
lated to  the  substance  of  the  plant,  and  the  remain- 
ing part  evolved  pure ;  so  that  the  atmosphere  even 


159  PROCESS  OP  NUTRITION.  CHAP.  in« 

of  bogs  and  marshes  is  purified^  and  rendered  at 
least  less  insalubrious  by  means  of  the  plants  that 
grow  in  them,  such  as  the  ConferotB  and  Duck-* 
meat,  which  last  thrives,  as  he  says,  better  in  in- 
flammable than  even  in  dephlogisticated  air. 
Oroxy-        Whatever  may  be  the  legitimacy  of  this  concla* 
Droved  by  sion,  upon  the  whole  the  facts  from  which  it  is 
houtz/      drawn  prove  incontrovertibly  that  plants  vegetating 
in  the  sun  exhale  an  air  purer  than  that  of  the  at- 
mosphere.    But  the  air  thus  exhaled  was  afterwards 
ascertained  by  Ingenhoutz  to  be  pure  oxygene  gas ; 
Wbichit  plants  then  in  the  process  of   vegetation   inhale 
dioriag  the^vygene  gas  in  the  shade  or  during  the  night,  and 
°'«,^'^/"^  exhale  it  in  the  light  of  the  sun  or  during  the  day. 
daring  the  But  the  detail  and  rationale  of  the  different  processes 
remained  yet  to  be  inquired  into,  as  also,  whether 
any  part  of  the  oxygene  inhaled  was  assimilated  to 
the  plant;    or  whether  plants  evolve  in   the  day 
exactly  what  they  inhale  in  the  night. 

^nte  of  '^  ^*®  *'  *"*  '"PP^*^  '^**  plants  assimilate  the 
Sinisure.  whole,  or  at  least  the  greater  part,  of  the  oxygene 
they  inhale  in  the  night ;  but  this  opinion  was  soon 
ibund  to  be  erroneous,  as  will  appear  from  the  ex- 
periments of  Saussure^  whose  view  of  the  whole 
process  of  the  influence  of  oxygene  on  thevegetat* 
ing  plant  is  so  full  and  satisfactory  as  to  leave  but 
little  unexplained ;  of  which  view  the  following  is  an 
abstract  :--^  Cactus  of  six  cubic  inches  in  volume, 
which  had  inhaled  during  the  night  four  cubic 
indies  of  oxygene^  was  exposed  on  the  following 
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morning  to  the  action  of  the  tun*t  light  in  a  receiver 
containing  48  cubic  inches  of  atmospheric  air  de« 
prived  of  its  carbonic  acid.  In  the  succeeding 
evening. its  atmosphere  was  found  to  be  augmented 
by  4*4  cubic  inches,  but  without  any  accession  of  ' 
carbonic  acid;  274-  parts  in  the  hundred  being 
oxygene,  as  indicated  by  the  eudiometer,  and  the 
remainder  being  nitrc^ene«  Before  the  experiment 
the  receiver  contained  10*1  cubic  inches  of  oxygene^ 
and  37'Qof  nitrogene ;  after  the  experiment  it  con- 
tained 14*28  of  oxygene,  and  38*1  of  nitrogene. 
The  amount  of  the  difference,  then,  or  the  quantity 
pf  gas  extricated  was  4*18  cubic  inches  of  oxygene^ 
and  0*2  of  nitrogene.  The  experiment  was  con- 
tinued with  the  same  plant  during  seven  successive 
days  and  nights.  In  the  course  of  the  second  night 
the  quantity  of  oxygene  inhaled  was  equal  to  3j. 
^nbic  inches ;  and  in  the  course  of  the  following  day 
the  qnanti^  of  gas  evolved. ^vas  equal  to  four  cubic 
inches  of  oxygene,  and  -^  cubic  inch  of  nitrogene. 
In  short  it  was  found  during  the  seven  days  of  ex- 
periment, that  the  quantity  of  oxygene  alternately 
inhaled  and  evolved,  during  ibe  night  and  day,  was 
always  diminishing ;  and  the  quantity  of  nitrogene 
extricated,  always  increasing ;  the  quantity  of  oxy«^ 
gene  inhaled  upon  the  whole  being  21 -I-  cubic  inches^ 
and  the  quantity  of  gas  evolved  upon  the  whole 
being  2g^  cubic  inches,  of  which  234-  ^^^  oxygene 
^fid  64-  nitrogene. 
•   Saassure  furied  the  experiment  upon  the  exUica- 
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tioD  of  oxygene  gas,  by  means  of  immersiDg  a  plant 
iQ  distilled  water  during  the  day,  which  had  been 
placed  under  a  receiver  filled  with  atmospheric  air 
deprived  of  its  carbonic  acid  during  the  night.    The 
general  result  was  the  same  as  in  the  foregoing  ex- 
periment ;  but  owing  to  the  constrained  and  un- 
natural situation  of  the  plant  the  process  did  not  go 
on  so  rapidly,  and  the  oxygene  given  out  was  con- 
'taminated  by  a  considerable  quantity  of  nitrogene. 
LeaTetta-     When   the  leaves  were  kept  constantly  in  the 
wtthoxy.  shade  and  in  a  confined  atmosphere,  without  being 


tinueto 

coMume 

it. 


at  all  exposed  to  the  light  of  day,  they  continued  to 
inhale  oxygene  slowly  till  they  were  saturated; 
when  they  refused  to  inhale  any  more.  The  quantity 
necessary  to  their  saturation  was  about  1,  their 
volume;  and  the  time  necessary  to  complete  the 
Still  COD-  process  from  36  to  40  hours.  But  still  they  con-> 
tinned  to  act  upon  the  surrounding  oxygene,  with 
which  and  with'  the  carbon  they  contained  they 
formed  carbonic  acid,  consuming  about  4-  the  oxy- 
gene  they  consumed  by  inhalation,  but  not  thus 
altering  the  volume  of  their  atmosphere.  But 
when  they  were  again  exposed  to  the  sun,  they 
evolved,  in  the  space  of  seven  or  eight  hours,  a  much 
greater  quantity  of  oxygene  than,  when  they  were 
confined  in  the  receiver  only  for  one  night.  Six 
^^'  cubic  inches  of  the  Cactus  Opuntia  which  by  re- 

maining  36  successive  hours  under  a  receiver  in  the 
dark  had  inhaled  74-  cubic  inches,  while  in  the 
course  of  one  night  it  inhaled  only  four ;  evolved 
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during  the  succeeding  day,  when  exposed  to   the 
light  of  the  sunj  7^  cubic  inches  also. 

The  quantity  of  oxygene,   therefore,  which   isT^9«»- 
exhaled  during  the  day  is  proportional  and  nearly  naieiv  iu- 
equal  to  the  quantity  inhaled  during  the  night,  orextriJied 
during  the  time  of  the  plant's  confinement  in  the^jjjj^ 
shade  up  to  its  saturation.     The  former  quantity  is 
generally  indeed  somewhat  more  than  the  latter, 
which  Saussure  regards  as  being  probably  owing 
to  the  decomposition  of  water  in  the  plant.     But 
whatever  may  be  the  true  explication  of  this  par- 
ticular phenomenon,  it  is  evident  that  no  permanent  . 
assimilation  of  oxygene  is  e£fected  in  the  alternate 
process  of   its  inhalation   and  extrication  by  the 
leaves,  so  as  to  increase  materially  the  quantity  of 
dried  vegetable  substance. 

But  as  plants  vegetating  in  the  shade  and  in  con-  SatnntM 
fined  atmospheres  become  so  soon  saturated  with  only  in 
oxygene  and  refuse  to  absorb  more,  one  might  be  auno- 
apt  to  conclude  that  plants  vegetating  even  in  the  'P°^'^ 
open  air,   if  situated  in  the  shade,  must  become 
saturated  with  it  also,  and  refuse  to  absorb  more 
when   placed    in   an  ;Birtificial   atmosphere.     This, 
however,  is  not  the  fact.     Saiissure  tried  the  ex- 
periment repeatedly,  and  found  that  plants  confined 
in  an  artificial  atmosphere,  after  having  been  ex* 
posed  to  the  open  air  in  the  shade,  always  inhaled 
oxygene  as  in  other  cases ;    so  that  by  frequently 
changing  their  exposure  from  the  natural  to  the  artifi- 
cial atmosphere  and  the  contrary,  they  were  capable 
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of  being  made  to  inhale  an  unlimited  quantity  of 
oxygene  many  times  the  size  of  their  own  volumes* 
Wby?  What  is  the  cause  of  this  apparent  anomaly? 
Why  are  not  leaves  which  are  made  to  vegetate  in 
the  dark,  saturated  with  oxygene  in  the  open  air  as 
well  as  in  confined  atmospheres  ?  and  why  does  their 
alternate  exposition  in  the  receiver  and  in  the  open 
air  give  them  the  property  of  inhaling  ap  unlimited 
quantity*  The  truth  is^  that  the  inhalation  of  this 
unlimited  quantity  is  a  mere  deception,  produced  by 
the  action  of  the  atmospheric  air  upon  the  carbonic 
acid  contained  in  the  leaves.  The  air  of  the  atmos^ 
pbere  has  a  chemical  affinity  for  carbonic  acid  gaSi 
as  has  been  already  shown  upon  the  authority  of 
Bertholet,*  and  abstracts,  by  consequence,  a  portion 
of  it  from  the  leaf  which  it  thus  prepares  for  com« 
mencing  anew  the  process  of  inhalation;  so  that 
however  long  the  alternate  change  of  exposition 
may  be  continued,  there  is  no  accumulation  of  car- 
bonic acid  or  of  oxygene. 
inhalation  But  tlie  inhalation  of  oxygene  seems  to  depend 
onThc*"'  '^P^*^  *^^  structure  and  organization  of  the  leaf;  for 
of  ^HMf  *^^"'^"^®  found  with  regard  to  the  Cactus  what 
Senebier  found  with  regard  to  other  leaves^^tbat 
when  they  were  cut  into  pieces  and  pounded  in  tf 
mortar,  so  as  to  destroy  their  organization,  and  then 
placed  under  a  receiver  filled  with  common  air,  no 
inhalation  took  place ;,  though  they  formed  carbonic 
acid  gas,  by  the  combination  of  the  carbon  wfaidt 
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they  contained  with  the  oxygene  of  their  atmos- 
phere; the  juice  of  the  plant  was  coagulated. 
Hence  the  oxygene  inhaled  by  the  leaf  of  the  vege- 
tating plant  seems  also  to  form  carbonic  acid  gas 
with  the  carbon  which  the  leaf  already  contains ; 
and  in  this  state  it  probiably  remains  in  the  paren- 
chyma, till  exposed  to  the  action  of  light.  There  is 
not  indeed  any  direct  proof  that  this  is  the  fact;  but 
there  is  no  pth6r  supposition  that  will .  explain  the 
phenomena  of  the  process  so  well. 

Bat  if  the  oxygene  inhaled  by  the  plant  is  thus  Affinityby 
converted  into  carbonic  acid,  and  condensed  in  the  axy^neis 
parenchyma^   by  what  affinity  is  it  retained?    It^^"**^* 
cannot  be  extricated  by  placing  the  plant  in  the 
vacuum  of  an  air  pump.     Six  cubic  inches  of  a 
Cactus  which  had  inhaled  during  one  night  four 
cubic  inches  of  oxygene,  gave  out  in  the  vacuum 
of  an  air  pump  only  one  cubic  inch  of  air  contain- 
ing not  more  than  -jV?  of  oxygene  gas.     A  heat, 
without  light,  sufficiently  moderate  not  to  destroy   . 
the  vegetable,  produced  no  better  effect.     It  is  re- 
tained therefore  by  an  affinity  too  strong  to  be  over- 
come by  such  means.     It  is  overcome,  however,  by 
means  of  the  action  of  the  sun's  light,  as  is  demon- 
strated by  the  clearest  evidence ;  but  how  the  light 
acts  is  not  known. 

The  property  then  which  plants  possess  of  in- 
baling  and  evolving  oxygene  in  the  night  and  day 
is  analogous,  and  seems  to  be  subordinate,  to  that  by 
which  they  decompose  carbonic  acid.    The  green 
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pwta  whwb  effect  the  d^Qowppwtioa  of  the  latter 
e£^  slid  tbo  «]iten>ft^  inb«klati/on  and  extrication  of 
tb«  fo«n*r ;  which  twp  operations  «eeift  to  be  the 
oaMHs,  the  one  oJT  the  other.    When  a  leaf  i«  put 
into  the  »hade  iwinediatejy  after  having  be?n  ex- 
poied  to  the  light  of  the  »V0,  it  contain*  no  carbonic 
acid  gaa,  becawe  that  ga»  has  been  decomposed  by 
o««(oome  the  light ;  but  the  oxygen^  of  the  atw»phefic  air 
^^^   which  now  penetrate!  and  traversal  the  leave$»  is 
seized  in  its  passage  by  th*  carbon  of  the  pVw»t. 
And  hence  carbonic  acid  gaf »»  »g«m  formed,  which 
kacs  its  ebatioity  by  Us  nnion  with  the  water  of 
T^etation }  and  which  undergoes  also  a  compressipn 
by  means  of  the  vegetable  structure,  bounded  how- 
ever by  certain  limits,  8in<?e  plants  which  absorb  the 
most  do.  not  absorb  more  than  i^  of  their  voluaie, 
•Riay  ate  now  therefore  saturated,  and  evolve  by  con- 
MK|»¥fnr«.  capbooic  acid  gas ;  but  the  action  of  the 
^ygene  is  in.  both  cases  the  sawie — namely,,  that  of 
forming  carbonic  acid  with  the  carbou  of  th?  plant 
Bot  formt  Bafoi«  saturation  the  carbonic  acid  is  condensed  in 
^°°'*    tiM  plant  i  but  after  saturation  it  is  evolved,  because 
the  plant  can,  contain  no  mor&,    Hence  it  Iblli^ws 
also  that  leaves  do  not  immediAt^ly  assimilate  die 
•xygene  of  ^  atmosphere  whit^  they  inhale  dunng 
the  night,  unless  they  then  decompose  part  of  the 
carbonic  aoiid  which  is  thus  formed,  and  of  which 
experkaent  afibrds  no  pi!Oof.    There  can  be  no  con- 
clusion dsawn  from  the  phenomena  produced  in  the 
dack^  in  atmoajpherea  deprived  of  oxygene;  because 
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in  this  tsae  vegMation  is  altogether  suspended.  The 
plant  sooii  disedv^s  a  tehdetiey  to  puti^ftctioa^ 
furnishing  f\rofai  its  own  substanc^^  and  ifa  conse- 
quence of  if^  d^cbmpositibni  the  tw^  elements  ef 
carbonic  acid  gds. 

The  foregoing  results  litrhich  Wem  obtained  fit>ffL  Condi- 
experihients  on  Cactus  Opuntia  ahft  equally  appli-  8u^e«ful 
cable  to  the  leaves  of  other  JilantSj  though  not  in  ^o^^^^J^^ 
Jxirceptible  a  degree,     flut  the  ttoftt  feueculbnt  dhy  th«l«^«- 
leaf  is  the  better  it  is  fitted  for  i&xp^rimetit ;  bteauiiQ 
succulent  leaves  contain  a  greslt  quiihtity  of  gi*^en 
herbaceous  Miltter  Witliitl  a  small  vdluthe^  ivhile  the 
leaves  of  most  other  plants  are  M  thih  Urid  flhe,  and 
their  surface  so  much  extendisd  that  the  exp^riol^nt 
is  not  only  more  diflficult  but  the  resdlt  less  striking. 
According  to  Saussure^  the  folibirlng  conditions  ire 
necessai^y  ih  order  to  ensure  success  in  ^x^Hment: 
-^^the  leaves  mdst  be  perfectly  soil  Ad  and  frelh,  ttnd 
they  must  displace  from  about  the  -ji^-  to  -^i^.  [i^H  of 
their  volume  of  the  dir  contained  in  the  fcMivet*^  fof*  if 
they  displace  less^  the  ejBect  is  ndt  suffieieAtly  ^i*. 
ceptible,  and  if  nlbre,  there  ii)  too  little  ojtygene 
left.    When  the  apparatus  is  placed  in  %ht  sun,  the 
leaves  must  not  touch  the  sides  of  the  reidvei', 
which  is  then  so  hot  as  ti$  dtsorganite  the  Mructore 
of  the  plant. 

But  although  the  quantity  of  oxygene  extriciit^d 
in  the  day  is  proportibnal  to  the  quantity  inhaled  in 
the  nightj  yet  the  sperific  qdantky  inbaldd  is  tety 
difierent  in  the  leaves  of  different  plants.    The  leihrte 
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of  succulent  plants  consume  lesh  than  most  others, 
but  they  retain  it  also  more  obstinately — that  is,  they 
give  out  less  carbonic  acid — perhaps  because  they 
present  fewer  points  of  contact  to  the  surrounding 
air,  and  are  furnished  with  fewer  pores  in  their 
epidermis ;  hence  they  lose  but  little  of  their  carbon, 
even  when  v^tating  in  the  open  air,  and  can  live 
for  a  long  time  under  the  privation  of  that  part  of 
their  nourishment:  and  hence  also  their  peculiar 
aptitude  to  the  different  sorts  of  soil  in  which  they 
naturally  grow — sand,  clay,  or  the  barren  rock,  as 
in  the  case  of  Sedum,  Saxifraga^  Semperowum. 

Plants  inhabiting  marshes  consume  less  oxygene 
than  other  herbaceous  plants,  which  proceeds  no 
doubt  from  an  institution  in  nature  fitting  them  for 
the  situation  in  which  they  vegetate,  and  in  which 
they  are  deprived  of  the  free  access  of  oxygene, 
ovnng  td  the  vapours  that  surround  them ;  hence  the 
herbaceous  plants  of  the  mountain,  where  the  supply 
of  oxygene  is  but  little,  are  often  to  be  found  in  the 
marshes  of  the  plain. 

The  leaves  of  ever-greens  consume  also  but  little 
oxygene  gas,  and  are  consequently  found  to  thrive 
in  a  barren  soil,  and  in  a  rarefied  atmosphere ;  as  in 
the  case  of  Pinusy  Juniperus^  and  Rhododendron. 

But  plants  which  shed  their  leaves  in  the  winter 
contain  in  general  the  most  oxygene,  and  lose,  by 
consequence,  the  most  carbon ;  and  hence  they  are 
not  to  be  met  with  in  such  lofty  situations  as  lierba- 
ceQUs  plants. 
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The  general  conclusion  to  be  drawn  from  these 
observations  is,  that  the  quantity  of  oxygene  con- 
sumed by  the  leaves  is  relative  to  the  situation  in 
which  the  plant  naturally  vegetates ;  and  that  plants 
vegetating  in  a  barren  soil,  or  in  a  rarefied  at- 
mosphere, or  in  a  marshy  situation,  consume,  in  the 
same  circumstances,  less  oxygene  than  such  as  vege- 
tate in  a  fertile  soil  with  an  abundant  supply  of 
atmospheric  air. 

But  in  saying  that  any  quantity  of  oxygene  was 
consumed,  it  is  not  meant  that  it  was  all  inhaled  by 
the  plant ;  the  greater  part  of  it  was  often  employed 
in  the  formation  of  carbonic  acid  gas  in  the  at- 
mosphere of  the  receiver :  for  it  does  not  appear 
that  the  actual  inhalation  of  oxygene  had  in  any 
instance  perceptibly  exceeded  the  volume  of  the 
leaves.    It  was  for  the  most  part  less. 

Such  then  is  the  detail  and  rationale  of  the  alternate 
processes  of  the  inhalation  and  extrication  of  oxygene 
by  the  leaves  of  the  vegetating  plant.  Do  any  of  the 
other  parts  of  the  plant  perform  similar  functions? 

If  a  sound  and  fresh  root  deprived  of  its  stem  is  On  the 
put  into  a  receiver  filled  with  atmospheric  air  and  '^*' 
placed  over  mercury,  it  inhales  indeed  a  small  por- 
tion of  oxygene  and  hence  diminishes  the  volume 
of  its  atmosphere,  but  it  consumes,  and  seems  also 
to  inhale  a  much  larger  portion  ;  while  the  oxygene 
that  thus  disappears  is  employed  in  the  formation  of 
carbonic  acid  with  carbon,  which  it  abstracts  from* 
the  root.     If  the  root  is  immediately  removed  into 
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liDOther  recfiver^  no  fiithsr  change  is  producec)  in 
tl^  volume  of  its  atmosphere ;  and  consequeq^y  no 
farther  inhalation  of  ^xygene.  But  if  it  is  allowed 
to  remain  so.^ie  time  iifi  the  open  air  it  inhales 
oi^y gene  as  before.  But  the  quantity  of  oxygene  thus 
inhaled  is  always  inferior  to  the  volume  of  the  root, 
A  Radish,  which  oonsMme4  in  the  space  of  24  hours^ 
a  qnantity  of  o^cygene  equal  to  i,ts  own  volunie^  in- 
haled one-fourth  part.  But  a  Carrot,  which  con* 
i|iilMe4  in  the  samja  space  of  time,  a  quantity  equal 
to  its  own  voiivae,  inhale^  only  -ri-o  P^rt*  And  a 
Potatoe,  w:hic)?^  consumed  only  0-04  of  its  own 
volume,  inhaled( only  008^ 

Tb^  regular  inhalation  of  a  quantity  less  than  the 
xoot,wkh  the  fecully  of  inhaling  oxygene  anew  after 
a  short  exposure  to  the  open  air,  seems  to  prove 
that  the  root  does  not  immediately  assimilate  the 
oxygene  whi<rb  it  inhales,  but  converts  it  ijoto  car- 
^nic  acid  gas,  which  the  atmospheric  ^ir  again  ab- 
sj^cts.  Thus  the  action  of  oxygene  on  t^e  root, 
whether  in  the  sun  or  shade,  i^sei^l^Ies  it9  a^^tioo. 
upon  leaves  vegetating  in  the  shades;  though  in  the 
f^Fmeit  oa^e»  the  inhalajtipn  is  l^ss  perceptible. 
Bpots  th^i?e|br^  do  not  eycdve  oxygene  ^t  all. 

BfnX  if  the  experiment  is  made  ijipon  roots:  to 
which  the  steip  is  still  attached,  the  result  is  very 
different,  at  least  if  the  ippt  only  is  confined  in  the 
receiver,  while  the  stem  and  leaves  are  left  exposed 
to  the  open  air.  For,  in  this  case,  the  root  seems  to 
inhale  more  than,  its  volume  of  oxygene  gas ;  though 


ting  gis  tbu^  iilhiited  i§  iHit  ytil  ktMihrnlMMl  td  tbe 
t^ig^titbtey  b4it  16  giveti  dtit  ta  tlh!f  MmMpHerii  b)r 
tlie  teHH^.  Heilce  iNd^  If  fth  diltii^  |iteni--^Mt, 
itenVi  MA  bMtich,  t^  itff('tidtlc«d  ihto  the  ftitifit^, 
M  tti  than  the  tdM  ^baH  b«  iWM^rMd  in  fHti  WHiU* 
bj  the  etttemity  onlj,  OAd  ihdonidet,  (br  th6  nliMt 
ptdrty  with  tbe  UiAo^pbefe  of  Oie  ti^dehrdr^  thfe 
dxjgcffie  df  tbid  Mmosphcfre  i^  hot  dhnihiilbed ;  bd- 
<»(M  the  ]^of  tkm  !;«4iieh  Hr  kbsiraded  hy  ttfe  Mbt  h 
tiestor^  «g^iA  by  the  featc!^.'  The  otygen<i  mhitled 
by  tbe  fMt,  thcM,  i«  ikK;  aegthi  eVdlVcfd  by  it,  itcft*  kti- 
mediately  assimilated  to  the  tegetiible  iubstaiide; 
but  is  eoifdticted  ta  the  \e»¥^i  in  (he  Mate  of  car- 
bMie  acid,  and  there  eUibor^tSed^  of  givetr  bttt  to  the 
scflwCFspwe  re* 

If  the  braneh  of  a  wo6dy  fhntj  taleii  aif d  ftfpp^  On  the 
dflP  HI  the  spring  immediately  bd^^*  the  etps^tmah  *^~^ 
€ff  the  buds,  is  inclosed  in*  a  receivet  filled  wiiR  coitt- 
m&n  arr  together  witb  a  sm«H  ^antity  of  wiiter  to 
supply  it  with  nourishment,  it  will  deveftifte  its 
kates  tf«  if  vegrtating  ro  the  optn  air.  But  it  will 
not  effect  this  de^lopettieiit  if  it  is  placed  ia  a 
receiver  filled  with  tiitrogene  6i  h^roge^e  pki  %  in 
which  it  W\\\^  Oft  the  ctnvtriry,  soon  ^hHMt  symp- 
tonvs  fX  putrefiiction,  by  pvxti^  cmt  a  quattttty  of 
tiitrogettief  aind  caFrboni<5  acid  gM.  The  develbpeM^trt 
tDten,  in  the  former  c^M,  mwt  tmtiicfti^tktlf  htetve 
boei^  efteted  by  means  of  th^  itiba)al9^  of  d<ygMe, 
which  it  thus*  appair»  that  the'  sfenr  arttf  bi'anches 
Me  oapabte  df  elfe6(»ng,   tvtti  fhdH^  stripped  of 
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their  leaves ;  for  they  are  then  found  to  vitiate  com- 
mon atmospheric  air,  whether  in  the  sun  or  shade, 
without  changing  the  volume  of  their  atmosphere ; 
replacing  the  oxygene  which  they  consume  by  an 
equal  quantity  of  carbonic  acid,  and  by  consequence 
not  assimilating  it  immediately.  Branches  of  SalLc 
alba,  Populus  nigra,  and  Quercus  Robur  consumed 
in  the  space  of  24»  hours,  in  the  spring  and  summer, 
at  15"^  of  Reamur,  a  quantity  of  oxygene,  equal  to 
more  than  half  their  volume ;  while  branches  of  the 
Apple  and  Pear  consumed,  in  equal  circumstances, 
two  or  three  times  their  volume. 

The  oxygen  which  the  stem  and  branches  inhale 
in  the  shade  they  give  out  again  in  the  sun,  in  pro- 
portion to  the  quantity  of  green  vegetable  substance 
contained  in  their  bark;  by  means  of  which  they 
perhaps  assimilate  a.  small  quantity  of  oxygene  in 
decomposing  the  carbonic  acid  which  they  form 
with  that  of  their  atmosphere,  though  the  effect  is 
not  perceptible. 

But  if  a  portion  of  the  stem  remains  ip  the  re- 
ceiver  whilst  the  root  remains  in  the  soil,  and  the 
leaves  in  the  open  ^Ir,  then  the  oxygene  gas  which 
the  stem  consumes  is  not  replaced  by  an  equal 
quantity  of  carbonic  acid ;  because  the  carbonic 
acid,  after  being  formed,  follows  the  course  of  the 
branch,  and  is  decomposed  by  the  leaves  in  the  open 
air.  Into  a  glass  tube,  containing  fl-3  cubic  inches 
of  atmospheric  air,  Saussure  introduced  the  extremity 
of  the  branch  of  an  Apple  tree,  stripped  of  its  leave?, 
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but  Still  attached  to  the  stem,  which  he  lilted  to  the 
neck  of  the  tube.  The  tube  was  then  placed  over 
mercuiy.  Two  hours  after  sun-set  the  mercury  rose 
one  and  a  half  line  within  the  tube,  corresponding 
to  about  half  the  volume  of  the  l^ranch.  On  the 
following  morning  the  mercury  was  found  to  have  de^ 
Bcended  a  little ;  and  about  two  hours  after  the  rising 
of  the  sun  it  was  as  at  the  commencement  of  theex- 
periment.  The  air  contained  -^^  of  carbonic  acid, 
and  -iVs-  of  oxygene.  The  branch  had  then  consumed 
in  the  space  of  24  hours  more  than  five  times  its  vo- 
lume of  oxygene,  which  it  had  replaced  by  scarcely 
three  times  its  volume  of  carbonic  acid.  Now 
the  disproportion  between  the  quantity  of  oxygene 
and  carbonic  acid  remaining,  was  evidently  owing  to 
the  circumstances  of  the  latter's  being  carried  off  to 
the  leaves  by  means  of  the  branch.— But  there  was 
formed  also  in  the  tube  a  very  considerable  quantity 
of  nitrogene,  for  the  volume  of  its  contained  at- 
mosphere was  not  changed,  which  Saussure  accounts 
for  as  follows  : — ^As  the  branch  inhales  the  oxygene 
of  its  atmosphere  a  vacuum  is  formed  in  the  tube,  in 
consequence  of  which  the  external  atmospheric  air 
penetrates  the  porous  substance  of  the  branchy  and 
insinuates  itself  into  the  atmosphere  within;  the 
oxygene  of  this  new  atmosphere  is  absorbed  by  the 
branch,  and  its  nitrogene  left  behind :  and  hence 
the  proportion  of  nitrogene  in  the  atmosphere  of  the 
tube  is  of  necessity  augmented. 

If  this  experiment  is  m^de  with  water  instead  of 
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atoiospberiG  air^  and  the  water  phced  oirer  tMH^dty^ 
then  the  phtnomftoon  occum  by  which  Hales  Wiii 
deeeived  into  tiie  opinion  thit  plants  inhale  aif  #i«f- 
iog  the  day  and  give  it  out  doling  the  tiiglit. 
Whilst  the  water  is  rapidly  absorbed  by  the  bi'aiicb^ 
owing  to  the  more  copious  perspiratioti  of  the  lesnr es 
during  the  day,  the  air  is  yet  prevented  frotfi  rubbing 
in  by  means  of  this  very  perspiration,  ahhongh  a 
vaaMim  may  be  formed  in  the  tube.  The  mercury 
&en  ascends.  But  at  night  when  the  perspiratioii 
and  consequent  absorption  is  but  small,  there  is  no 
cause  to  counteract  the  intrasion  of  1^  atmosplierie 
air;  the  mercury  again  descends,  and  gives  rise  to 
the  apparency  alternate  inhalation  and  extrication 
of  air  by  day  and  by  night,  as  noderstood  by  Hales. 
But  it  is  thus  obvious^  that  the  phenomenon  is  to 
be  ascribed  to  the  nature  of  the  apparatus. 
On  the  The  action  and  inrfiuence  of  oxygene  are  equally 
conspieuous  in  the  developement  of  the  tower  as  in 
the  other  parts  of  the  plant  The  flower-bnd  will 
not  expand  if  confined  in  an  atmosphere  of  pure 
ftitrogene,  and  will  &de  muck  sooner  than  in  an 
atmosphere  of  comaioii  air.  Belt  in  a  cotiffned  a«. 
mosphere  of  common  air,  if  placed  in  the  shades  al- 
Hiough  it  does  not  after  the  volume  of  its  atmosphere, 
at  least  in  a  perceptible  degree,  yet  it  replaeet  the 
oxygene  it  absorbs  by  nearly  an  equal  quantity  of 
nitrogene;  and  in  this  respect  the  flower  Offers 
from  the  other  parts  of  vegetables,  which  wh^n  ve- 
getating  iw  the  dark  give  out  but  little  nitrogene. 
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and  conseqaently  diminish  for  the  most  part  tib» 
volume  of  their  atmosphere.  Some  flowers  of  Xs< 
Hum  album,  which  were  introdvoed  into  a  raceiver 
filled  with  common  air,  and  placed  over  mercury  in 
the  shade,  consumed  in  the  space  of  24  hours  a 
quantity  of  oxygene  ^ual  to  1*1  of  their  owr 
volume,  of  which  they  inhaled  0'13,  replacing  it  by 
p-15  of  nitrogene.  In  a  similar  experiment  oo  a 
Rose  it  was  found  to  have  consumed  r8  of  its  own 
volume,  inhaling  0*43  parts  of  o^iygene,  and  giving 
out  at  the  same  time  0*43  parts  of  nitrogene.  There 
seems  then  to  he  some  ground  for  the  commonly 
received  opinion  of  tlie  unwholesomeness  oS  sleeping 
in  an  apartment  which  may  happen  to  csontain  a 
gf^at  many  flowers ;  for  the  nitrogene  whi^h  they 
give  out  will  no  doubt  have  some  efeet  upon 
the  atmospliere  of  the  apartment,  if  there  is  not  a 
free  circulation  of  air  in  it,  though  the  consequences 
said  to  result  from  this  QircumsjtaQce  have  certainly 
been  much  exaggerated. 

The  action  and  influence  of  oocygene  are.  in  tike  On  the 
manner  essential  to  the  maturity  of  the  fruit.  ^  * 
Saussur4^  introdiKed  a  bunch  of  gsapes,  not  yet  ripci 
into  a  globe  of  glass,  which  he  luted  by  its  orifice  to 
the  bough  and  exposed  lo  the  rays  of  the  sua  ;  llie 
bjLiDch  ripened  withouti  having  eflected  any  material 
alteration  in  its  atmosphere,  except  that  it  contained 
rather  more  oxygene  than  at  flrst.  But  when  a  bunch 
was  placed,  in  tfio  sam$  circumstances,  with:  the  ad* 
dition  of  a  quantity  of  lim^,  the  atmosphere  was 
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contaminated,  and  the  grapes  did  not  ripen :  hence 
we  may  infer,  that  the  elaboration  of  oxygene  is  ne- 
cessar]^  to  th#  maturity  of  the  fruit. 
General  From  the  whole  then  of  the  foregoing  experi- 
ment, as  relative  to  the  action  and  influence  of 
oxygene  on  the  plant,  and  the  contrary,  the  follow- 
ing is  the  sum  of  the  results. 

The  green  parts  of  plants,  but  especially  the 
leaves,  when  exposed  in  atmospheric  air  to  the  suc- 
cessive influence  of  the  light  and  shade,  inhale  and 
evolve  alternately  a  portion  of  oxygene  gas  mixed 
with  carbonic  acid.  But  the  oygene  is  not  imme- 
diately assimilated  to  the  vegetable  substance ;  it  is 
first  converted  into  carbonic  acid  by  means  of  com- 
bining with  the  carbon  of  the  plant,  which  withers 
if  this  process  is  prevented  by  the  application  of 
lime  or  potass.  The  leaves  of  aquatics,  succulent 
plants,  and  ever-greens  consume,  in  equal  circum- 
stances, less  oxygene  than  the  leaves  of  other  plants. 

The  roots,  wood,  and  petals,  and  in  short  all  parts 
not  green,  with  the  exception  of  some  coloured 
leaves,  do  not  efiect  the  successive  and  alternate  in- 
halation and  extrication  of  oxygene ;  they  inhale  it 
indeed,  though  they  do  not  again  give  it  out,  or  as- 
similate it  immediately,  but  convey  it  under  the 
form  of  carbonic  acid  to  the  leaves,  where  it  is 
decomposed. 

Oxygene  is  indeed  assimilated  to  the  plant,  but 
not  directly,  and  only  by  means  of  the  decomposi- 
tion of  carbonic  acid ;  when  part  of  it^  though  in  A 
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very  small  proportion,  is  retained  also  and  assimi- 
lated along  with  the  carbon. 

Hence  the  most  obvious  influence  of  oxygene,  as 
applied  to  the  leaves,  is  that  of  forming  carbonic 
acid  gas,  and  thus  presenting  to  the  plant  elements 
which  it  may  assimilate ;  and  perhaps  the  carbon 
of  the  extractive  juices  absorbed  even  by  the  root 
is  not  assimilated  to  the  plant  till  it  is  converted  by 
means  of  oxygene  into  carbonic  acid. 

But  as  an  atmosphere  composed  of  nitrogene  and 
carbonic  acid  gas  only  is  not  favourable  to  vegetation, 
it  is  probable  that  oxygene  performs  also  some  other 
function  beyond  that  of  merely  presenting  to  the 
plant,  under  the  modification  of-  carbonic  acid,  ele- 
ments which  it  may  assimilate.  It  may  effect  also 
the  disengagement  of  caloric  by  its  union  with  the 
carbon  of  the  vegetable,  which  is  the  necessary  re- 
sult of  such  union. 

But  oxvgene  is  also  beneficial  to  the  plant  from  iDflaence 

,  't     n  11  ...        of  oxvgene 

its  action  on  the  sou ;  for  when  the  extractive  juices  on  soli. 
contained  in  the  soil  have  become  exhausted,  the 
oxygene  of  the  atmosphere,  by  penetrating  into  the 
earth  and  abstracting  from  it  a  portion  of  its  carbon, 
xforms  a  new  extract  to  replace  the  first.  Hence  w^ 
may  account  for  a  number  of  facts  observed  by  the 
earlier  phytologists,  but  not  well  explained.  Du 
Hamel  remarked  that  the  lateral  roots  of  plants  are 
always  the  more  vigorous  the  nearer  they  are  to  the 
surface,;*  but  it  now  appears  that  they  are  the 
•  Phys,  vies  ^rbres,  liv,  i.  chap.  v. 
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most  vigorous  at  the  surface  because  they  have  there 
the  easiest  access  to  the  o^tygen^  of  the  atmosphere, 
or  to  the  exti*a<:t  which  it  may  form.     It  was  ob- 
served also  by  the  same  phytblogist  thslt  perpen- 
llicillar  roots  do  not  thrive  so  well,  other  circum- 
stances being  the  same,  in  a  stiff  and  wet  soil  as  in  a 
friable  and  dry  soil ;  while  plants  with  slender  and 
divided  roots  thrive  equally  well  in  both  :  but  this 
is  no  doubt  owing  to  the  obstacles  thbt  present 
themselves  to  the  passage  of  the  oxygene  in  the  for- 
mer case,    on   account  of   the  greater  depth  and 
smaller  surface  of  the  root.     It  was  further  observed, 
that  root^  which  penetrate  into  dung  or  into  pipes 
conducting  wafer  divide  into  immense  numbers  of 
fibres,  and  form  what  is  called  the  fox-tail  root ;  bat 
it  is  because  they  cannot  continue  to  vegetate,  ex- 
cept by  increasing  their  points  of  contact,  with  the 
small  quantity  of  oxygene  found  in  such  mediutns. 
Lastly,  it  was  observed  that  plants  whose  roots  are 
suddenly  overflowed  with  w^ter  remaining  after- 
wards stagnant,  suffer  sooner  than  if  th^  accident 
had  happened  by  means  of  a  continued  current,     ft 
is  because  in  the  former  case  the  oxygene  contained 
4n  the  water  is  soon  exhausted,  while  in  the  latter 
it  is  not  exhausted  at  all. 

And  hence  also  we  may  account  for  the  pheno- 
menon exhibited  by  plants  vegetating  in  distilled 
water  under  a  receiver  filled  with  atmospheric  air, 
which  having  no  proper  soil  to  supply  the  root  with 
nourishment,  eflbct  the  developement  of  their  parts 
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only  At  the  expence  of  their  own  proper  substance ; 
the  interior  of  the  stem,  or  a  portion  of  the  root,  or 
the  lower  leaves  decaying  and  giving  up  their  ex- 
tractive juices  to  the  other  parts. 

Thus  it  appears  that  oxygene  gas^  or  that  consti-  Conciud- 
tueqtpartdf  the  atmospheric  air  which  has  beenl^kt 
found  to  be  indispensable  to  the  life  of  animals  is 
abo  indispensable  to  the  life  of  vegetables ;  on  both 
which  accounts  it  seems  to  have  well  merited,  the 
appellation  of  vital  air 9  by  which  it  was  at  one  time 
designated.     But  although  the  presence  and  action 
of  oxygene  is  absolutely  necessary  to  the  process  of 
vegetation »  plants  do  not  thrive  so  well  in  an  at- 
mosphere of  pure  oxygene,  as  in  an  atmosphere  of 
pure  or  common  air.    This  was  proved  by  an  ex- 
periment of  Saussure*s,  who  having  introduced  some 
plants  of  Pisum  sativum  that  were  but  just  issuing 
from   the  seed   into   a   receiver    containing   purci 
oxygene  gas,  found  tliat  in  the  space  of  six  days 
they  had  acquired  only  half  the  weight  of  such  as 
were  introduced  at  the  same  time  into  a  receiver 
containing  commoa  air.    From  whence  it  follows 
that{  oxygene,  though  the  principal   agent  in  the 
process  of  vegetation  is  not  yet  the  only  agent  ne- 
cessary to  the  health  and  growth  of  the  plant^  and 
that  the  proportion  of  the  constituent  parts  of  the 
atmospheric  air  is  just  what  it  ought  to  be,  as  well 
for  the  purposes  of  vegetable  as  of  animal  life ;  being 
at  once  an  indication  both  of  the  wisdom  and  good- 
ness of  Him  by  whom  it  was  establisfaed.. 
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SECTION  VII. 
Decomposition  of  fVater. 

Inferred        ALTHOUGH  the  Opinion  was  proved  to  be  ground- 
bw^*^"^    less,  by  which  water  had  been  supposed  to  be  con- 
vertible into  all  the  different  ingredients  entering 
into  the  composition  of  the  vegetable  substance  by 
means  of  the  action  of  the  vital  energy  of  the  plant ; 
yet  when  water  was  ultimately  proved  to  be  a  chemi- 
cal compound,  it  was  by  no  means  absurd  to  suppose 
that  plants  may  possess  the  power  of  decomposing 
part,  at  least,  of  what  they  absorb  by  the  root,  and 
thus  acquire  the  hydrogene  as  well  as  a  portion  of 
the  oxygene  which,  by  analysis,  they  are  found  to 
contain.    This  opinion  was  accordingly  pretty  gene- 
rally adopted,  but  was  not  yet  proved  by  any  direct 
experiment.    Senebier  pointed  out  several  pheno- 
mena from  which  he  thought  it  was  to  be  inferred, 
but  particularly  that  of  the  germination  of  some 
seeds  moistened  merely  with  water,  and  so  situated 
as  to  have  no  apparent  contact  with  oxygene.     But 
to  this  it  was  objected  by  Saussure  that  the  seeds  in 
question  might  have  germinated  in  consequence  of 
the  action  of  the  air  contained  in  the  water,  inde- 
pendent of  that  of  its  component  principles. 
And  In-        The  decomposition  of  water  was  inferred  also  by 
*^  ^"     Ingenhoutz,  from  the  amelioration  of  an  atmosphere 
of  common  air  into  which  he  had  introduced  some 
succulent  plants  vegetating  in  pure  water;  but  the 
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degree  of  amelioration  is  not  stated ;  and  on  this 
account  Saussure  is  of  opinicm  that  no  conclusion 
ahquld  be  founded  on  the  fiict,  as  he  had  never  ob- 
served any  example  in  which  a  plant  deprived  of  the 
cootaot  of  carbonic  acid  had  augmented  the  quantity 
of  oxygtne  contained  in  its  atmosphere  by  a  quantity 
«j[ceediQg  that  of  its  own  volume^  which  he  regards 
as  beipg  too  little  to  establiiih  the  above  conclusion. 

It  was  next  ascertained  that  plants  vegetating  in  From  in- 
pure  water  augiment  their  weighty  at  least  m  a  green  data. 
state,  even  though  confined  in  an  atmosphere  of   ' 
oxygene^  or  of  common  air  deprived  of  i»s  carbonic 
acid.     This  was  thought  to  be  a  fact  of  great  im- 
portance,    but  it  does  not  yet  prove  the  decomposi- 
ticm  of  wafer  by  the  plantj  nor  the  fixation  of  its 
<>itygene^  or  hydrogefne  3  because  the  augmentation 
in  weight  may  have  been  occasioned  by  the  mere 
introdili^dn  of  the  water  into  the  sap  vessels^  or  cel- 
luUr  tissue :  and  hence  the  question  oan  be  deter- 
mined on^ly  by  tlie  evidence  of  the  augmentation  of 
the  solid  s«ibstanee  of  the  vegetable  in  a  dried  state. 

The  first  experiments  that  were  instituted  with  a  Experi- 
view  to  this  object  are  those  of  Saussnre ;  his  method  saQum, 
was  AS  follows : — Having  gathered  a  number  of  plants 
of  the  same  species^  as  nearly  alike  as  possible  in  all 
ciroaoHrtances  likely  to  be  affected  by  the  experimeill^ 
he  dried  part  of  thefn  to  the  temperature  of  the  at- 
iDospfaere»  and  ascertained  their  weight ;  the  rest  he 
made  to  vegetate  in  pure  water^  and  in  an  at^ 
mOBphere  of  pure  oxygeae^  for  a  given  period  of  time^ 

VOL.  II.  ^ 
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at  the  end  of  which  he  dried  them  as  before,  and 
ascertained  their  weight  also,  which  it  was  thus  only 
necessary  to  compare  with  the  weight  of  the  former 
in  order  to  know  whether  the  plants  had  increased 
in  solid  vegetable  substance  or  not.     But  after  many 
experiments  on  a  variety  of  plants^  the  result  always 
was,  that  plants  vhen  made  to  vegetate  in  pure  water 
only,  and  in  an  atmosphere  of  pure  oxygene,  or  of 
common  air  deprived  of  its  carbonic  acid,  scarcely . 
added  any  thing  at  all  to  their  weight  in  a  dried 
rtate ;  or  if  they  did,  the  quantity  was  too  small  to 
be  appreciated.     Particularly  he  made  the  experi- 
ment on  three  plants  of  the  LysifMchia  vulgaris, 
which  he  introduced  into  a  receiver  containing  %50 
cubic  inches  of  common  air  deprived  of  its  carbonic 
acid,  the  roots  were  immersed  in  about  one  cubic 
inch  of  distilled  water,  and  the  plants  weighed  in 
their  green  state  l2Qi^  grains,  displacing  half  a  cubic 
inch  of  their  atmosphere ;  three  other  plants  of  the 
same  species  and  weight  when  green,  were  found 
to  weigh  when  dried   to  a  certain   degree  of  the 
thermometer  and  hygrometer  36-^  grains :    at  the 
end  of  eight  days  the  plants  which  had  been  con- 
fined in  the  receiver  were  taken  out ;  they  had  in- 
creased considerably  in  length  and  were  in  a  per- 
fectly sound  state,   but  had  made  no  perceptible 
change  upon  the  atmosphere  in  which  they  vege- 
tated   either    in    purity    or   volume.     They  now 
weighed  in  their  green  state  J  41  grains,  but  when 
dried  to  the  proper  degree  40^  grains :  they  had  thus 
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augmented  tbehr  solid  vegetable  substance  by  some- 
what more  than  two  grains^  which  could  have  been 
acquired  only  by  the  assimilation  of  the  oxygene  and 
hydrogene  of  the  water,  which  they  had  consequently 
decomposed.  But  when  the  experiment  was  pro- 
longed to  double  or  treble  the  time,  the  weight  of 
the  dried  vegetable  substance  of  the  plants  was  not 
farther  augmented ;  for  which  reason,  added  to  that 
of  the  small  amount  of  their  augmentation,  Saussure 
did  not  regard  the  proof  from  these  experiments  as 
being  altogether  complete,  and  began  to  suspect  that 
the  oxygene  and  hydrogene  of  the  plant  cannot, 
perhaps,  be  assimilated  by  the  plant  in  any  consi- 
derable d^ree,  unless  the  augmentation  of  its  carbon 
is  efiected  in  the  same  proportion.    . 

The  next  thing  to  be  done,  therefore,  was  to  place 
his  plants  in  a  mixture  of  common  air  and  carbonic 
acid  gas,  that  they  might  have  the  privilege  of  assi- 
milating carbon  at  the  same  time ;  the  results  were 
now  more  perceptible  and  more  decided^  the  solid 
vegetable  substance  of  the.  plant  was  evidently  in- 
creased in  a  greater  proportion  than  could  have 
arisen  from  the  mere  presence  of  carbonic  acid. 
Seven  plants  of  the  Vinca  minory  vegetating  in  pure 
water  in  a  receiver  filled  with  common  air  and  car- 
bonic acid  gas,  assimilated  in  the  space  of  six  days 
the  carbon  contained  in  214.  cubic  inches,  or  a 
quantity  equal  to  4*2  grains ;  they  assimilated  at  the 
tame  time  seven  cubic  inches  of  oxygene,  but  as 

N  2 
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that  was  replaced  by  an  equal  quantity  of  nitrogette^ 
it  goes  for  nothing  in  the  weight  of  the  plants. 

Before   the  experiment  they  weighed  in  tbeir 
green  state  168|^  grains,  which  were  ascertained  to  be 
equal  to  5 1  grains  of  dried  vegetable  matter ;  but 
after  the  experiment  the  quantity  of  dried  vegetable 
tnatter  was  equal  to  6l  grains.     There  was  conse- 
quently an  augmentation  of  weight  of  10  grains^  of 
which  4-2  only  can  be  attributed  to  the  formation  of 
Who  in-   carbon  ;  hence  it  follows  most  evidently^  that  there 
thedecom-  ^^  ^^^  ^  decomposition  of  the  water^  and  an  assi- 
potttioD  ©f  miiation  of  its  component  parts,  by  means  of  which 
5*8  grains  were  added  to  the  weight  of  the  plant. 

The  decomposition  then,  and  fixation  of  water  by 
the  vegetating  plant  is  thus,  according  to  Saussure, 
legitimately  inferred;  but  it  does  not  appear  that 
plants  do  in  any  case  decompose  water  directly — 
that  is,  by  appropriating  its  hydrogene  and  at  the 
same  time  disengaging  its  oxygcne  in  the  form  of 
gas,  which  is  extricated  only  by  the  decomposition 
of  carbonic  acid.  Plants  vegetating  in  nitrogenc 
gas  and  exposed  to  the  alternate  influence  of  night 
and  day,  do,  indeed,  extricate  a  quantity  of  oxygene 
equal  to  many  times  their  volume;  but  this  is  be- 
cause being  deprived  of  the  contact  of  that-  gas  in 
the  first  period  of  experiment,  they  form  of  their 
own  substance  a  supply  of  carbonic  acid  gas,  which 
they  afterwards  decompose:  and  hence  the  origin 
of  the  oxygene  found  in  their  atmosphere*     They 
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do  Boty  howeYer^  by  a  similar  oxfioaiir^  aug^ient 
the  volnme  of  oxygene  wheo  confined  ip  an  ^tr 
mosphereof  Qxygene  gas^  or  <^ common  air  deprived 
of  its  carbonic  actd,  because  the  oarbonio  aoid  whicb 
they  DOW  form  is  the  result  of  the  combiiiaU^q  (^ 
their  carbon  only  with  the  oxygeae  that  surrounds 
them,  aVid  not  the  entire  produce  of  their  own  subr 
stance :  henoe  it  is  only  in  such  atmospheres  H^ 
the  experimenter  can  form  any  judgment  ooncernii^ 
ti)e  direat  decomposition  of  water  by  the  plant. 

Succulent  plants  form  indeed  an  e3(qcf)tton  with 
regard  to  the  augmentation  of  the  volume  of  oxygene 
when  vegetating  in  an  atmosphere  of  common  air 
deprived  of  its  carbonic  acid,  but  a£R>rd  no  prpof  of 
the  direct  decomposition  of  water.  Into  a  receiver 
containing  42^  cubic  inches  of  atmospheric  air  pre- 
viously deprived  of  its  carbonic  acid,  a  leaf  or  articu- . 
lation  of  the  Cactus  Opunt'm  was  introduced,  so  ats  . 
that  part  of  it  was  immersed  in  a  glass  cpt^taining  dis-  ^ 

tilled  water,  which  was  to  ser? e  as  its  aoorishment ; 
at  the  end  of  31  days,  when  the  experiment  w^b 
stopped,  the  leaf  was  still  sound  and  vigoroi^s  {  it  faa4 
even  formed  roots  of  an  inch  in  length,  and  aqg- 
mented  its  atmosphere  3-i-  cubic  inches.  The  eudio- 
meter indicated  the  presence  of  lb  parts  in  ttje 
hundred  of  oxygene,  and  the  application  of  lime 
water  showed  that  it  contained  no  carbonic  add ; 
hence  the  leaf,  had  extricated  in  the  space  of  a 
month  3^  times  its  volume  of  oxygene,  which  could 
be  attributed  to  no  other  cause  but  that  of  the  df- 
1 
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ootnposition  of  water*  Stilly  however^  there  \s  no 
proof  that  this  decomposition  was  direct ;  but  rather 
there  is  reason  to  suppose  that  the  leaf  formed  in 
'  die  sun  carbonic  acid  gas  from  its  own  substance^ 
and  that  the  oxygene  was  extricated  by  the  decom* 
position  of  this  gas :  for  in  the  pn^ress  of  a  similar 
experiment^  when  a  vessel  filled  with  potass  was 
suspended  in  the  receiver^  the  formation  of  <»[ygene 
was  stopped ;  it  is  plain,  therefore,  that  carboaic  acid 
gas  was  forming,  and  that  the  oxygene  which  ap« 
peared  was  produced  from  its  decomposition. 


SECTION  VIII. 
Descent  of  the  Proper  Juice. 

Iuaiialoc7  Whe^  the  sap  has  been  duly  elaborated  in  the 
blood  of  1^^  l>y  means  of  the  several  processes  that  have  just 
■'^****^*'  been  described^  it  now  assumes  the  appellation  of 
the  Cambitimy  or  Proper  Juice  of  the  plant  In  this 
ultimate  state  of  elaboration  it  is  found  chiefly  in 
the  bark,  or  rather  between  the  bark  and  wood,  and 
may  .very  often  be  distinguished  by  a  peculiar 
colour,  being  sometimes  white,  as  in  the  several 
species  of  Spurge,  and  sometimes  yellow,  as  in 
Celandine.  It  is  said  to  be  the  principal  seat  of  the 
medical  virtues  of  plants;  and  was  regarded  by 
Malpighi  as  being  to  the  plant  what  the  blood  is  to 
the  animal  body-— the  immediate  principleof  nourish- 
ment^ and  grand  support  of  life ;  which  opinions  he 
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endeavours  to  estabtisb  by  tbe  following  analc^ies  :— 
if  the  blood  escapes  from  tbe  vessels  of  the  animal 
body^  it  forms  neither  flesh  nor  bone,  bat  tmnors ;  if 
the  proper  juices  of  the  plant  are  extravasated,  they 
form  neither  bark  nor  wood,  but  a  lump  of  gum, 
resin,  or  inspissated  juice.  The  disruption  of  the 
blood  vessels  and  consequent  loss  of  blood,  injures 
and  often  proves  fiital  to  the  animal.  The  extra* 
vasation  of  the  proper  juice  injures  and  often  proves 
fatal  to  vegetables,  unless  the  evil  is  prevented  by 
the  skill  and  management  o£  the  gardener.  What-* 
ever  may  be  the  value  of  these  remarks  as  tending 
to  establish  the  analogy  in  question,'  it  cannot  be 
doubted  that  tbe  cambium  or  proper  juice  consti- 
tutes at  least  t^e  grand  principle  of  vegetable 
organization ;  generating  and  developing  in  succes- 
sion the  several  oi^ns  of  tbe  plant,  or  furnishing 
the  vital  principle  with  the  immediate  materials  of 
assimilation. 

But  how  is  the  proper  juice,  which  is  thus  so  in- Anddjt. 
dispensable  to  the  process  of  vegetation,  conveyed  Ihm^ 
to  the  several  parts  or  organs  of  the  plant  ?  As  the  ^^ 
sap  in  its  ascent  to  the  summit  of  the  leaf  is  con- 
ducted by  an  appropriate  set  of  vessels,  so  also  is 
the  proper  juice  in  its  descent  to  the  extremity  of 
the  root.    One  of  the  earliest  and  most  satb&ctory 
experiments  on  this  subject,  at  least  as  for  as  rq;ards 
the  return  of  the  proper  juice  through  the  leaf  and 
]|5llf*stalk,  is  that  of  Br.  Darwin,  which  was  con* 
ducted  as  follows :— A  stalk  of  thQ  Euphorbia  heh^ 
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copia^  fiirnishcd  with  its  leaves  and  seed-vessels, 
was  pladed  in  a  decoction  of  Madder-root,  so  as  that 
Ae  lower  portion  of  the  stem  and  two  of  the  in- 
ferior leaves  were  immersed  in  it.    After  remaining 
so  for  several  days  the  colour  of  the  decoction  was 
distinctly  discerned  passing  along  the  midrib  of  each 
leaf.    On  ihe  upper  side  df  the  leaf  many  (rf*  the 
ramifications,  g^^g  f^^<>^  ^^e  midrib  towards  the 
eircumference,  were  observed  to  be  tinged  «rith  red ; 
Channel    but  on  the  Under  side  there  was  observed  a  system 
TeyanM^^*  of  branching  vessels,  originated  in  the  extremities 
SrSSj    ^  the^eaf  and  carrying  not  a  red  but  a  pale  milky 
and  leaf-    guid,  which  after  uniting  in  two  sets,  one  on  each 
oording  to  side  the  midrib,  descended  along  with  it  into  die 
"*'    leaf-*stalk.     These  were  the  vessels  returning  the 
elaborated  sap.*     The  vessels  observable  on  the  up- 
per surface  Darwin  calis  arteries,  and  those  on  the 
under  surface  he  calls  veins ;  the  pn^riety  of  which 
appellations  is  questionable,  though  the  discovery  of 
the  different  sets  of  vessels  conducting  the  sap  and 
proper  juiceis  important;  because  it  points  out  the 
intention  of  the  peculiar  structure  of  the  leaf  as  dis- 
coverable in  the  skeleton,  which  has  been  already 
described  as  consisting  of  two,  or,  as  in  the  case  of 
the  Orange-leaf,  of  three  layers  of  net-work. 
Aocording     To  this  may  be  added  the  more  recent  discoveries 
Knight.     ^  Mr.  Knight  who  in  his  experiments,  instituted 
with  a  view  to  ascertain  the  course  of  the  sap,  de- 
tected in  the  leaf-stalky  not  only  the  vessels  which 
•  Pbytologia,  sect,  iv. 
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be  calls  oentral  tiibw  through  wfaiieh  the  oolouned 
infusion  ascended^  together  with  their  appendage^ 
the  spiral  tubes  ;  bnt  also  another  eet  of  vessels  «ur- 
rounding  the  central  tubes,  which  he  distinguishes 
hj  the  appellation  pf  external  lubes,  and  which  ap- 
peared to  be  conveying  in  one  direction  or  other  a 
fluid  that  was  not  coloured,  but  that  proved  upon 
fbrther  investigation  to  be  the  descending  proper 
jfrioei  In  tracing  tiiem  upwards  they  were  found  to 
extend  to  the  summit  of  the  leaf;  and  in  tracing 
them  downwards  they  were  found  to  extend  to  the 
base  of  the  leaf-stalk,  and  to  penetrate  even  into  the 
inner  bark.  According  to  Mr.  Knight,  then,  thena 
are  three  sets  of  vessels  in  leaves,  the  central  tubes, 
the  spiral  tubes,  and  the  external  tubes.  And  yet  Sir 
J.  £•  Smith*  represents  him  as  meaning  to  speak  of 
two  sets  of  vessels  only,  admitting  that  bi«  language 
seems  to  imply  three,  but  cautioning  the  reader 
against  falling  into  the  mistake. 

But  whatever  Mr.  Knight*s  meaning  may  have 
bieen,  he  positively  speaks  of  and  specifies  three 
distinct  sets  of  vessels,  the  central,  the  spiral^  and 
the  external,  as  is  plain  from  the  circumstance  of 
his  trying  to  ascertain  the  respective  functions  of 
each.  The  first,  he  says,  conducts  the  ascending 
sap  from  the  tubes  of  the  alburnum  to  the  leaf-stalk 
and  leaf;  the  second  does  not  seem  to  conduct  any 
fluid  ;  the  third  contains  the  proper  juice  and  con- 

*  Introduction,  p.  51. 
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ducts  it  in  its  descent  from  the  summit  of  the  leaf 

down  to  the  base  of  the  foot-stalk.* 
Channel        But  by  what  means  is  the  proper  juice  conducted 
TcyanoT"*  from  the  base  of  the  leaf-stalk  to  the  extremity  of 

Sr^lm.  ^^  1^^'  '^^i^  ^^'  ^^^  chi^f  ^^J^'  ^f  ^^  inquiry 
of  the  earlier  phytolc^sts  who  had  not  yet  begun  to 
^race  its  progress  in  the  leaf  and  leaf-stalk  ;  but  who 
were  acquainted  with  facts  indicating  at  least  the 
descent  of  a  fluid  in  the  trunk.  If  the  8tem»  or 
branch,  or  even  root  of  a  woody  plant  is  encircled 

,  by  a  strong  ligature^  a  tumor  is  formed  immediately 

above  the  ligature,  but  no  tumor  is  formed  below 
it.^f*  Hence  they  inferred  the  descent  of  a  fluid 
that  was  now  stopped ;  but  this  descending  fluid  was 
proved  also  to  be  the  Cambium  or  proper  juice.  If 
a  branch  of  any  tree  abounding  in  a  conspicuous 
proper  juice,  such  as  the  Fig  or  Fir-tree^  is  cut 
transversely  in  two,  the  proper  juice  will  flow  much 
more  copiously  from  the  upper  portion  next  the 
leaves  than  from  the  under  portion  next  the  trunk, 
even  though  their  positions  should  be  inverted.  If 
trees  are  stripped  wholly  of  their  bark,  they  will 
often  form  new  productions  from  the  leaf  down- 
wards, but  none  or  scarcely  any  from  the  root  up- 
wards. Du  Hamel  stript  60  trees  of  their  bark  in 
the  course  of  the  spring,  laying  them  bare  from  the 
upper  extremity  of  the  s^p  and  branches  to  the 
root;  the  experiment  proved  indeed  fatal  to  them# 
as  they  all  died  in  tlie  course  of  three  or  four  years. 
•  Phil.  TrsM.  1806.  f  Phyi.  de«  Arb.  liv.  t.  chap.  ii. 
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Bat  many  of  tbem  had  made  new  productionit  both 
of  wood  and  bark  from  the  buds  doVrnwards,  ex# 
tending  in  some  cases  to  the  length  of  a  loot ;  though 
veiy  few  of  them  had  made  any  new  pvoducttons 
from  the  root  upwards.  Hence  it  is  that  the 
proper  juice  not  only  descends  from  the  extremity 
of  the  leaf  to  the  extremity  of  the  root,  but  gene- 
rates also  in  its  descent  new  and  additional  parts* 

But  although  the  above  experiments  prove  in 
general  the  descent  of  the  proper  juice,  yet  they  do 
not  decide  in  particular  by  what  peculiar  channel  it 
descends— ^that  is,  whether  by  the  bark  or  wood. 
It  was  the  opinion  of  Du  Hamel  that  it  descends  Accmdii^ 
through  the  channel  of  the  bark,  in  favour  of  which  hJ^. 
there  is  indeed  an  original  presumption  in  the  fact 
of  its  being  always  found  in  the  greatest  abundance 
in  the  bark  when  analysed ;  or  of  its  flowing  the 
most  copiously  from  it  when  cut;  as  well  as  a 
direct  and  positive  proof  in  the  result  of  the  follow- 
ing experiments :— *In  the  time  of  the  flowing  of  the 
sap  Du  Hamel  stripped  the  trunk  of  a  Cherry-tree  of 
a  ring  of  bark,  and  covered  the  wound  with  a  piece 
of  canvass  to  let  nothing  escape,  wrapping  it  up  at 
the  same  time  with  an  additional  covering  of  straw 
to  prevent  its  becoming  dry :  the  result  was  that 
the  upper  lip  yielded  a  most  copious  exudation  of 
gum,  while  the  lower  lip  yielded  none ;  but  the  tree 
did  not  long  survive  the  experiment.  The  proper 
juice  then  descends  through  the  channel  of  the  bark, 
and  cannot  be  made  to  descend  through  the  medium 
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of  mvy  other  chaimel.  But  although  such  aperi- 
ments  as  the  foregoing  do  generally  prove  fatal  to 
tlie  life  of  the  plant  on  account  of  the  interruption 
of  the  channel  of  the  descent  of  the  proper  juice, 
and  consequent  privation  of  nutriment ;  yet  there 
are  some  plants  to  which  the  experiment  even  com* 
municales  a  temporary  and  preternatural  fertility. 
If  a  ring  of  bark  is  detached  in  the  spring  firom  the 
trunk  of  an  Olive-tree,  it  will  produce  that  year  a 
double  quantity  both  of  blossoms  and  of  fruit, 
though  it  will  soon  afterwards  die ;  *  but  the  pheno- 
menon is  easily  accounted  for*.  The  preternatural 
fertility  of  the  plant  is  owing  to  the  unusual  accu- 
mulation of  proper  juice  in  the  leaves  and  brandiesj 
in  consequence  of  the  interruption  of  the  descent 
of  the  proper  juice ;  and  the  subsequent  death  of 
the  plant  is  owing  to  the  privation  of  nutriment 
sustained  by  the  root^  in  consequence  of  the  same 
cause. 
According  But  Halcs  did  not  admit  the  bark  to  be  the  chan- 
nel of  the  descent  of  the  proper  juice^  alleging  in  sup- 
port of  bis  objections  the  evidence  of  the  following 
experiment: — Having  stripped  a  trunk  of  its  bark^ 
so  as  to  leave  a  number  of  insulated  rings  still  re- 
maining, of  which  some  were  furnished  with  buds, 
and  some  not,  the  trunk  still  lived,  and  the  buds 
protruded  both  leaves  and  branches  ;  the  lower  lips 
of  such  rings  as  were  furnished  with  buds  producing 
tumors^  and  the  lips  of  such  as  were  without  buds 
*  La  Nature  Devoil6e. 
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pirodttcing  none.  Hence  lie  inferred  that  the  baric 
cannot  be  the  channel  of  the  descent  of  the  sap 
or  proper  juice,  since  the  plant  still  lived  in  spite 
even  of  the  abstraction  of  several  circular  portions. 
Biit  if  some  plants  are  so  y^ty  tenacious  of  life  as  to 
survive  even  the  violent  operation  of  girdling,  it  will 
not  appear  surprising  if  some  plants  should  survive  - 
also  the  gentler  operation  of  a  partial  barking.  For 
in  this  case  the  proper  juice  may  find  a  partial  and 
temporary  channel  even  in  the  alburnum  where  it  is 
naturally  of  a  very  loose  texture,  and  not  too  much  in- 
durated by  exposure  to  air ;  and  as  the  sap  ascends, 
at  any  rate  by  the  alburnum,  there  is  no  difficulty  in 
accounting  for  the  developement  of  the  buds  in  the 
above  experiment.  Forwherever  a  bud  is  formed  the 
ascending  juice  will  find  its  way  to  it,  from  which  the 
elaborated  sap*  or  proper  juice  will  again  descend 
by  the  bark,  its  natural  channel,  at  least  till  it  meets 
with  some  interruption  ;  where  it  will  form  tumors 
as  in  the  above  case.  And  if  no  tumors  were  formed 
on  the  lower  lips  of  the  rings  without  buds,  it  is 
because  there  was  no  particular  determination  of  sap 
towards  such  rings  on  the  very  account  of  their  want 
of  buds,  and  consequently  no  room  for  the  process 
of  elaboration  and  return  of  proper  juice.  This  was 
accordingly  Du  HameFs  reply,  and  subsequent  ex- 
periment has  shown  it  to  be  correct ;  for  the  experi* 
ments  of  Mr.  Knight  on  this  subject  are,  if  possible,  AceonKng 
more  convincing  than  even  those  of  Du  Hamel.  *^  "'*  *' 
From  the  trunks  of  a  number  of  young  Crab-trees 
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Mr.  Ktiight  detached  a  ring  of  bark  of  half  an 
inch  in  breadth*  The  sap  rose  in  them^  and  the 
portion  of  the  trunk  above  the  ring  augmented  ai 
in  other  subjects  that  were  not  so  treated,  while  the 
portion  below  the  ring  scarcely  augmented  at  all. 
The  upper  lips  of  the  wounds  made  considerable 
.  advances  downwards,  while  the  lower  lips  made 
scarcely  any  advances  upwards ;  but  if  a  bud  was 
protruded  under  the  ring,  and  the  shoot  arising 
from  it  allowed  to  remain,  then  the  portion  of  the 
trunk  below  that  bud  b^an  immediately  to  aug- 
ment in  size,  while  the  portion  between  the  bud  and 
incision  remained  nearly  as  before.  When  two 
circular  incisions  were  made  in  the  trunk  so  as  to 
leave  a  ring  of  bark  between  them  with  a  leaf 
growing  from  it,  the  portion  above  the  leaf  died, 
while  the  portion  below  the  leaf  lived ;  and  when 
the  upper  part  of  a  branch  was  stripped  of  its  leaves 
the  bark  withered  as  far  as  it  was  stript.  Whence 
it  is  evident  that  the  sap  which  has  been  elaborated 
in  the  leaves  and  converted  into  proper  juice,  de- 
scends as  air  through  the  channel  of  the  bark,  or 
rather  between  the  bark  and  alburnum  to  the  ex- 
tremity of  the  root,  e£fecting  the  developement  of 
new  and  additional  pails.* 

But  not  only  is  the  bark  thus  ascertained  to  be 

the  channel  of  the  descent  of  the  proper  juice,  after 

Vessels      entering  the  trunk;   the  peculiar  vessels  through 

h!^^iL^^'    which  it  immediately  passes,  have  been  ascertained 

*  PhiL  Trans.  1803. 
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also.  In  the  language  oi  Mr.  Knight  they  are 
merely  a  continuation  of  the  external  tubes  already 
noticed,  which  after  quitting  the  base  of  the  foot- 
stalk he  describes  as  not  only  penetrating  the  inner 
hark,  but  descending  along  with  it  and  conducting- 
the  proper  juice  to  the  very  extremity  of  the  root. 
In  the  language  of,  M.  Mirbel  they  are  the  large  or 
rather  simple  tubes  so  abundant  in  the  bark  of 
woody  plants,  though  not  altogether  confined  to  it ; 
and  so  well  adapted  by  the  width  of  their  diameter 
to  aflford  a  passage  to  the  proper  juice. 


SECTION  IX. 
Causes  of  Descent. 

The  proper  juice  then,  or  sap  elaborated  in  the 
leaf,  descends  by  the  returning  vessels  of  the  leaf- 
stalk, and  by  the  longitudinal  vessels  of  the  inner 
bark,  the  large  tubes  of  Mirbel  and  external  tubes 
of  Knight,   down  to  the  extremity  of  the  root. 
What  is  the  cause  of  its  descent  ?  It  appears'^  that  According 
the  descent  of  the  proper  juice  was  regarded  by  the  earlier 
earlier  phytologists  as  resulting  from  the  agency  PJJJ^***' 
of  gravitation,  owing  perhaps  more  to  the  readiness 
with  which  the  conjecture  su^ests  itself  than  to 
the  satisfaction  which  it  gives.    But  the  insufficiency 
of  this  cause  was  clearly  pointed  out  by  Du  Hamel, 
who  observed  in' his  experiments  with  ligatures  that 
the  tumor  was  always  formed  on  the  side  next  to 
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ike  leaves,  even  when  fi>e  branch  wa$  beiit  down 
whether  by  nature  or  art,  so  as  to  point  to  tbe 
earth,*  in  which  case  the  power  propelling  the 
proper  juice  is  acting  not  only  in  opposition  to  tiaai 
of  gravitation,  but  with  such  force  as  to  overoome 
it.  This  is  an  unanswerable  argument ;  and  yet  it 
seems  to  have  been  altogether  overlooked^  or  at 
Accord-  least  undervalued  in  its  importance  by  Mr.  Knigfat, 
Knight,  who  has  more  recently  investigated  the  subjeet  of 
the  descent  of  the  proper  juice;  but  vrithout 
having  been  ^ble  to  offer  any  thing  that  can  be  at 
all  regarded  as  satisfactory.  He  endeavours,  how- 
ever, to  account  for  the  effect  by  ascribing  it  to  the 
joint  operation  of  the  four  following  causes : — gra- 
vitation, capillary  attraction,  the  waving  motion  of 
of  the  tree,  and  the  structure  of  the  conducting 
vessels;  but,  like  charity  among  the  virtues,  the 
greatest  of  these  is  gravitation. 
Gravito-  Gravitation. — A  vertical  shoot  of  a  Vine  was 
forcibly  bent  down  in  nearly  a  perpendicular  dir 
rection,  and  its  succulent  extreAnity  iotroduoed  into 
a  pot  as  a  layer,  without  wounding  the  stem  or 
depriving  it  of  any  of  its  leaves.  Two  circular 
incisions  were  made  in  the  bark  of  the  inverted 
part  and  the  intervening  portion  of  bark  was  stript 
off.  But  there  was  more  wood  formed  at  the  lip 
now  uppermost,  than  at  the  lip  opposite  to  it; 
which  in  the  opinion  of  Mr.  Knight  was  owing  to 
the  force  of  gravitation,  since  the  result  would  have 

^  Fhys,  dc8  Arb.  iiv.  iv.  chap.  v. 


tion. 


sttcT.  IX.  caDsjbs  of  descJsKt.  193 

been  qaite  the  contraty  if  the  shoot  had  been  aU 
lowed  to  remain  in  its  natural  position.  This  con* 
elusion  seems  at  first  sight  to  be  plausible  enough  ; 
but  was  afterwards  acknowledged  even  by  Mr. 
Knight  himself  to  be  rather  too  hastily  drawn^  as 
it  oteurred  to  him  upon  further  reflection  that  the 
proper  juice  which  in  other  cases  would  have  gene^ 
rated  the  greatest  qusintity  of  wood  at  the  lip  now 
undermost,  was,  in  the  present  case,  employed  in 
the  formation  of  roots.  But  although  the  argument 
drawn  from  the  above  fact  is  thus  rendered  invalid, 
the  opinion  of  the  efficacy  of  gravitation  is  by  no 
means  given  up  by  Mr.  Knight,  as  is  evident  from 
a  subsequent  t  attempt  to  account  for  the  descent  of 
the  radicle  upon  the  same  principle  as  stated  in  a 
foregoing  chapter. 

Capillary  attractian.'^Thh  though  enumerated  CapiiiB7 
by  Mr.  Knight  as  a  cause  of  the  descent  of  the  "'^'^°* 
proper  juice,  is  not  much  insisted  on.  And  indeed 
it  is  plain  from  the  known  laws  by  which  this 
specie^  of  attraction  is  regulated^  that  it  could  be 
but  of  little  avail  in  operating  the  alleged  effect ; 
if  indeed,  it  is  at  all  applicable  to  the  case  in 
question. 

The  waving  motion  (^  the  plant. — Part  of  the  Waving 
stem  of  a  number  of  young  seedling  Apple-trees  Ihc'Sam, 
was  bound .  by  means  of  stakes  and  bandages  of 
hay,  so  as  to  prevent  all  motion  from  the  action  of 
winds  to  the  height  of  three  feet.    The  upper  part 
•f  the  stem  which  was  kept  in  motion  by  the  winds 
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increMfld  m  tiase  very  conskkridrfy ;  but  Att  under 
part  which  retMioed  notiootew  increased  ?eiy 
jiule.  A  plant  whicb  wa»  coinpelled  to  move  in  % 
cirde  was  fowd  lo  have  the  greatest  diaveter  of  its 
trunk  in  the  ditection  U  its  motion^  Ifeiiee  Mr« 
Knight  inferred  that  the  motion  conrntenioated  to 
plants  by  the  aetioa  of  Ike  winds  fiieilitntcs  the 
descent  of  the  proper  juice  and  censeqnently  growth 
of  the  plant;  and  that  pluits  deprived  of  that 
motion  do  not  thrive  so  weili  as  in  tike  oaae  of 
trees  nailed  to  wsdla»  |t  seems  probable^  hovreiieri 
that  the  smaU  degree  of  «Hgnsentalion  in  the  under 
part  of  tixe  stem  of  the  seedKng  Appl^trtea  was 
as  mqch  owing  to  its  exelueion  from  air  and  Ugbt, 
as  to  its  want  of  motion ;  as  in  the  case  of  what  is 
termed  the  etiolation  of  plants,  exenspltfied  in  the 
slender  stem  of  potatoes  that  nnty  happen  In  pro- 
trude their  shoots;  in  celhure*  or  other  dark  pkces. 
And  trees  nailed  to  walla  are  often  as  healthy  m 
standards^  particulariy  Vines. 

To  the  waving  motion  of  the  plant  Mr«  Knight 
also  attributea  the  facility  with  which  plants  adapt 
themsdves  to  the  habitats  in  whidi  Aey  gsow.  In 
lofty  and  exposed  habitats  they  will  increase  neat 
near  the  root»  owing  te  the  accelerated  desGa:it  of 
the  proper  juice ;  they  will  send  ant  many  Inlefdi 
branches  and  diminisb  gradually,  towards  the  tflf>{ 
they  will  be  law  and  sturdy.  In  grovw  and  vaUiet 
where  they  are  crowded  and  less  exposed  they  will 
extend  in  length  without  extending  proportienany 
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in  breaddi,  oiring  to  the  retarded  detceBt«  of  the 
proper  juice  from  want  of  motioo.  But  tbit  n* 
nmrk  tboagb  femided  oa  the  general  aspect  of  plants 
•fluting  the  halHtats  in  qaestion  is  not  without  its 
i»eeptioik8.  For  the  Pine  though  inhabiting  the 
moat  loftv  mountaios  i$  still  a  lofty  tree ;  and  the 
Oak  though  inhabilSng  the  reoeatet  of  the  grove  may 
atillf  even  in  nespect  of  diameter^  be  the  monacch 
of  the  wood«  In  aged  sul^ta  the  descent  of  the 
proper  juioe^  or  at  least  the  augmentation  of  the 
plant  is  Bome^imes  promoted  by  means  of  paring 
off  the  lifeless  part  of  the  bark^  owing^  as  Mr. 
Koighl;  thinks  to  the  inoreaaed  piianqr  or  flexibility 
wbieh  is  thus  eommanicated  to  tbt  stem  ;  and  the 
excision  of  any  decayed  part  is  always  of  ben^t  to 
tfoe  plant  But  the  operatioiifi  in  question  will  com- 
muoicate  but  little  flexibili^  to  a  stiff  and  aged 
trunk  where  the  maas  of  wood  has  become  already 
firm,  and  indomted ;  so  that  the  good  effect  pro^ 
dticed  is  perhaps  more  properly  ascribed  to  the 
facility  which 'is  tbufi  gxren  menely  to  the  access 
of  air. 

Structure  of  tie  vessfls^^^Mr.  Knight  is  ofstmetntt 
opinioo  that  the  vessels  of  the  bark  are  better  fitted  veMcli.. 
by  their  cooformatk>n  t6.  convey  the  proper  jiiiee 
towards  the  root  than  in  any  other  ^irection^  which 
opinion  he  founds  upim  the  following  experimewt: 
«~Sbur  strong  shoots  of  a  Vine  were  selected,  and 
'  ccHiverted  into  layeni ;  and  weve  in  the  end-of  the 
;    autumn  disengaged  from  their  parent  stocky  at  the 
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distance  of  five  inches  from  the  layer  oorrespoading 
to  the  length  of  wood  left  on  the  oj^KMite  side. 
The  buds  on  each  end  were  by  previous  manage* 
ment  made  to  stand  at  equal  distances  from  the 
root,  and  an  inch  of  wood  was  left  at  each  end     ( 
beyond  the  buds.      If  Mr.   Knighfs  hypothesis 
was  true  it  was  to  be  expected  that  the  proper  juice 
would  be  ira|ielled  less  forcibly  towards  the  extre* 
mities  that  had  originally  formed  the  summit  of 
the  shoots  than  towards  the  opposite  extremities, 
beyond  which   it  was  presumed  that  new  wood 
might  even  be  formed.    The  result  was  as  follows : 
— At  the  proper  and  natural  extremities  the  wood 
above  the  buds  became  dry  and  lifeless^  while  the 
wood  below  increased   as  usual.    But  at  the  in* 
verted  extremities  the  result  was  also  inverted,  new 
wood  being  accumulated  above  the  buds,  and  even 
numerous  roots  protruded,  while  no  sensible  aug- 
mentation  took   place   between   them.     Inverted 
cuttings  of  Gooseberries  and  Currants  were  also 
-     made  the  subject  of  experiment ;  the  former  not 
succeeding  at  all ;  but  the  latter  succeeding  for  the 
most  part,  and  exhibiting  phenomena  similar  to  that 
of  the  inverted  ends^  of  the  layers,  with  the  ex- 
ception of  their  not  emitting  roots.    Whence  Mr. 
Knight  concludes  that   the  vessels    of  the  bark 
through  which  the  proper  juice  descends  arc  better 
adapted  by  their  structure  to  transmit  their  contents 
:towards  the  original  root,  than  in  any  other  dircc* 
tion ;  by  which  means  the  motion  of  the  returning 
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fluid  in  the  pendant  branches  of  the  Weeping 
Willow,  and  other  such  plants,  is  enabled  to  coun- 
teract the  p9wer  of  gravitation,  though  not  wholly 
to  destroy  it;  as  its  agency  is  still  discernible  ia 
the  pliancy  and  feebleness  of  the  pendant  shoot, 
and  in  the  occasional' success  of  inverted  cuttings. 

This  is  certainly  as  complete  a  jumble  as  could 
well  have  been  made  if  it  had  even  been  attempted 
on  purpose ;  and  a  notable  example  of  the  unphif* 
iosopbical  practice  of  multiplying  causes  without 
necessity.      First  we   are  told  of  the  paramount 
influence  of  gravitation,  and  then  we  are  introduced 
to  a  cduse  which  is  capable  of  counteracting  it,  if 
the  branch  happens  to  be  pendant.    And  what  is 
this  transcendant  cause  that  overcomes  even    the 
agency  of  gravitation  r   It  is  the  supposed  existence 
of  valves  in  the  tubes  of  the  bark ;  an  opinion  en« 
tertained  with  regard  to  the  sap  vessels,  at  least  by 
some  of  the  earlier  phytologists,  but  long  ago  ex* 
ploded,  as  has  been  already  seen  upon  the  almost 
uniform  evidence  of  the  success  of  inverted  cuttings 
of  the  Willow  and  Poplar.    But  the  same  ai^u- 
roents  are  applicable  to  the  tubes  of  the  bark,  in 
which  if  valves  even  existed  they  could  seldom  be 
of  any  use,  as  the  motion  of  the  proper  juice  is 
almost  always  downwards.    Would  not  Mr.  Knight 
have  found  a  cause  better  calculated  to  account  for 
the  phenomenon  of  the  inverted  layer  in  the  force 
of  habit,  on  which  he  lays  so  much  stress,  in  a 
varie^  of  other  cases  ?  as  for  example  in  that  of 
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the  susceptibility  of  the  plant  to  the  action  of  heat 
as  necessary  to  the  protrusion  of  the  bud,  acoonf- 
ing  to  the  temperature  in  which  it  has  formerly 
been  kept.    And  should  it  not  have  been  also  re- 
eolleeted  that  the  phenomenon  might  have  been 
owing  merely  to  the  diflkulty  attending^  the  ad- 
mission of  the  proper  juice  into  any  vessels  capable 
of  conveying  it  in  the  inverted  direction }  there 
being  no  set  of  vessels  leading  from  the  bod  di- 
rectly upwards^  as  there  are  vessels  leading  from  it 
diirecCly  downwards,  in  the  original  position  of  the 
shoot.    So  that  the  entmnce  of  the  proper  juice 
could  be  efifected  only  by  lateral  communication, 
which  in  this  case  the  structure  of  the  vessels  may 
Very  possibly  not  admit  of. 
intufE-        Such  are  the  causes  assigned  by  Mu  Knight 
amuDt    fc^  the  descent  of  the  proper  juice,    tliey  are  each 
£  **     perhaps  of  some  efficacy ;  and  yet  even  when  taken 
altogether  they  are  not  adequate  to  the  production 
rf  the  efiect.    The  greatest  stress  is  laid  upon  gra- 
vitation ;  but  its  agency  is  obviously  over-rat^^  as 
is  evident  from  the  case  of  the  pendant  ahoot;  and 
if  gravitation  is  so  very  eflScacious  in  iaoilitating 
the  descetit  of  the  proper  juice^  how  cornea  its  I 
influence  to  be  suspended  in  the  case  of  the  asoend« 
ing  sap.     The  a<ition   of  the  Siher  grsin  will 
scarcely  be  sufficient  to  overcome  it;   and  if  it 
should  be  said  that  the  sap  ascends  through  the 
tubes  of  tlie  alburnum  by  means  of  the  agency  of  the 
vital  principle,  why  may  not  the  same  vital  principle 
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a>ndiiet  mlto  the  proper  juice  through  the  retummg 
▼essels  of  the  faftrk»  Tn  short  If^  with  Satissure,  we 
admit  the  existence  of  h  eontmcting  power  hi  the 
farmer  citse  suAdent  t^  pmpel  the  sap  froth  ring  to 
ring,  it  will  be  absotntely  necessary  to  admit  it  aho 
inthe  latter.  Thus  we  assign  acauae  adeqttate  to  the 
prodMctioii  of  the  aiieet^  and  avoid  at  the  same 
time  the  transgression  of  that  most  ftindametita) 
prindple  of  all  sound  philo8o|^y  which  Ibrbids  ila 
to  mnltiidj  causes  without  necessity. 


CHAPTER  IV. 


PROCESS  OF  VEGETABLE   DEVELOPEMENT. 

When  the  sap  has  been  elaborated  in  the  leafj  and  piffimnt 
converted  into  proper  juice^  it  is  now  finally  prepared  ^t^m  of 
for  immediate  assimilation,  and  for  the  production  P'*'^^' 
of  such  parts  etd  oi^gans  as  are  peeuliar  to  the 
speeiesi  or  necessary  to  the  perfedmi  of  the  in*, 
dividual.    The  next  object  of  our  inquiry,  therefiMv» 
will  be  that  cf  tvating  out  the  order  ot  the  dete^ 
iopement  of  the  several  parts,  together  with  the 
peculiar  mode  of  operaiion  adc^ed  by  the  riM 
principle*     But  this    mode  of  operation  is  ta/t 
exaotly  the  saoie  in  herbaceous  aod  asmiial  phmts, 
as  in  woody  Md  perembial  plants.    In  Ibe  lermer, 
the  jpfwess  of  developement  eomprties  m  it  were 
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but  one  act  of  the  vital  principle,  the  parts  being 
all  unfolded  in  imoiediate  succession  and  witboat 
any  perceptible  intemiplion  till  the  plant  is  com* 
plete.     In  the  latter^  the  process  is  carried  on  by 
gradual  and  definite  stages  easily  cognizable  to  the 
senses,  commencing  with  the  approach  of  spring, 
and  terminating    with  the  approach   of  winter; 
during  which,  the  functions  of  the  vital  principle 
seem  to  be  altogether  suspended,  till  it  is  aroused 
again  into  action  by  th^  warmth  of  the  succeeding 
spring.     The  illustration  of  the  latter,  however^ 
involves  also  that  of  the  former;  because  the  growth 
of  the  first  year  exemplifies  at  the  same  time  the 
growth  of  annuals,  while  the  growth  of  succeeding 
years  exempUfies  whatever  is  peculiar  to  perennials. 


SECTION  h 

Elementary  Organs. 

If  the  embryo,  on  its  escape  from  the  seed  and 
conversion  into  a  plant,  is  taken  and  minutely  in- 
spected, it  will  be  found  to  consist  of  a  root,  plume- 
let,  and  incipient  stem,  which  have  been  developed 
in  consecutive  order ;  and  if  the  plant  is  taken  and 
dissected  at  this  period  of  its  growth  it  will  be  found 
to  be  composed  merely  of  an  epidermis  enveloping 
a  soft  and  pulpy  substance,  that  fdrms  the  mass  of 
the  individual ;  or  it  may  be  furnished  also  with  a 
central  and  longitudinal  fibre ;  or  with  bundles  dF 
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longitudinal  fibres  giving  tenacity  to  the  whole* 
These  parts  have  been  developed  no  doubt  by  means  Formed 
of  the  agency  of  the  vital  principle  operating  on  proper 
the  proper  juice;  but  what  have  been  the  severaH"^^' 
steps  of  operation } 

Some  phy tologists  have  attempted  to  account  for  Which 
the  formation  of  the  above  parts  by  supposing  the  s^poMd 
proper  juice   to  consist  of  multitudes  of  organic  ^^^JJJJ^j^ 
fibres,  which  being  united  together  by  the  vege-fi*>»«- 
table  gluten    constitute   the  cellular  and  tubular 
tissue^  and  thus  form  the  mass  of  the  plant.  But  this 
supposition  leaves  us  just  where  we  were  before. 
For  if  it  were  even  proved  to  be  the  fact,  the  next 
question  would   be,    how  are   the    organic  fibres 
themselves  formed?    But  as  it  is  an  assumption 
founded  on  no  proof,  it  merits  of  course  no  fur* 
ther  consideration.     Perhaps  no  satisfactory  expli- 
cation of  the  phenomenon  has  yet  been  offered, 
though  M.  Mirbel,  in  the  want  of  all  plausible  con* 
jecture,  submits  the  following :— He  supposes  the  Or  to  be 
proper  juice  to  be  at  first  converted  into  a  fine  .mem-  biclmo* 
branet  which  he  calls  the  membranous  tissue,  from  ^ou^jlll'' 
which  the  cellular  tissue  of  the  pulp  is  afterwards  '"^* 
formed,  by  means  of  the  foldings  and  doublings  of 
the  original  membrane,  so  as  to  present  an  hexa* 
gonai  appearance  similar  to  that  of  the  cells  of  the 
Bee.    The  tubular  tissue  he  supposes  to  be  in  like  From 
manner  formed  out  of  the  cellular  tissue,  by  means  tob!»  ami^ 
of  such  openings  and  perforations  as  may  be  acci^^  ^^ra^i. 
dentally  efiected  in  the    tissue    itself,  from    the 
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bttratiag  of  the  vertical  partitioni  of  tbecells^  tlie 
tubes  having  no  existence  till  tlie  meinbrane  u 
koerated.* 

.  But  if  the  tubes  are  generated  in  the  manner 
here  supposed,  that  is  by  the  accidental  bursting 
of  the  partitions  of  the  cells,  it  will  be  difficalt  to 
account  for  the  known  regularity  with  which  tliey 
are  formed.  The  only  circumstance  giving  plausi- 
bility to  the  conjecture  is  that  of  the  occasional 
occurrence  of  a  transverse  membrane  interrupting 
the  continuity  of  the  small  tubes,  which  M.  Miri>el 
The  tup.  regards  as  a  proof  of  their  cellular  origin.  But 
Cfiiet  with  allowing  this  to  be  a  sufficient  proof  of  the  truth 
difficuiiic.^  the  supposition,  which  few  will  be  disposed  to 
admit ;  how  is  the  formation  of  dto  tracheoe  to  be 
accounted  for,  which  retain  no  traces  of  a  cellolar 
origin,  and  are  besides  twisted  spirally  throughout 
the  whole  of  their  extent  ?  They  cannot  be  sup- 
posed to  be  merely  the  result  of  the  accidental 
bursting  of  the  cells  of  the  pulp;  because  there  is 
too  much  of  regularity  both  in  their  form  and  dis- 
tribution to  be  the  result  of  accident.  If  M.  Mitbel 
had  even  contended  that  the  cells  burst  open  in  a 
regular  and  determinate  manner,  and  thus  giv^  to 
the  tube  its  spiral  or  vertical  direction^  his  hypo- 
thesk  would  still  have  been  dc^ged  with  diflicui- 
ties ;  but  on  the  position  he  assymes  the  difficulties 
am  doubled.  The  most  that  can  be  said  for  it  is, 
that  it  is  perhaps  iK>t  impossible ;   bat  it  cannot 
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certainly  be  said  to  be  founded  on  any  knoirn 
&cts« 

It  18  milich  more  likely,  however,  that  the  nidi- 
aieots  of  all  the  different  parts  of  the  plaot  do 
already  exist  in  the  embryo  in  such  specific  order 
of  arrangement  as  shall  best  fit  them  for  fiitiire 
^evelopementi  by  the  intn^susoeption  of  new  and 
additional  particles^  than  that  the  vital  principle 
ahottld  first  manu&cture  a  membrane  which  it  then 
ooBvertB  uflito  cellsj  which  are  aflerwarda  partially 
and  accidentally  converted  into  tnbesi  and  the  plaiH: 
ao  patdied  up.  For  if  this  were  the  iacti  itibere 
fvonld  be  no  such  thing  as  saying  what  species  d 
plaot  any  particular  seed  might  produce  when  com^ 
mitted  to  the  soil. 

The  only  portion  of  the  infant  plant  now  n^  Formatio* 
mainii^  is  the  epidermis,  which  although  it  is  ia  demu.^* 
aome  cases  to  be  regarded  as  a  composite  organ^  ia 
conaequence  of  its  consisting  of  more  than  one 
layer;  jret  as  it  cannot  in  the  incipient  stages  of 
vegetation  be  divided  into  distinct  layers^  it  may 
with  sufficient  propriety  be  introduced  into  the  pre^ 
sent  secdoB.  How  then  is  the  epidermis  generated, 
in  which  the  body  of  the  infant  plant  is  invested 
as  in  a  sheath  ? 

The  pellicle  conatitutiog  the  vegetable  epidermis  According 
has  generally  been  regarded  as  a  membmne  essefr-  ^  ^ai- 


tiaify  distinct  from  the  parts  which  it  covers^  mud  as  P'^^' 
generated  with  a  view  to  the  disdiarge  of  some  par- 
ticular functioiu    Some  phytologistsi  however,  have 
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viewed  it  in  a  light  altogether  different,  and   have 
regarded  it  as  being  merely  the  effect  of  accident, 
and  nothing  more  than  a  scurf  formed  on  the  ex- 
terior and  pulply  surfiice  of  the  parenchyma  indu- 
rated by  the  action  of  the  air.    This  was  the  opinion 
of  Grew  and  Malpighi,  which,  though  it  does  not 
seem  to  have  ever  met  with  any  very  general  recep- 
tion, has  been,  however,  revived  of  late  by  M. 
According  Mirbel ;  who,  professing  to  be  dissatisfied  with  the 
'  analogy  that  has  generally  been  thought  to  exist 
between  the  epidermis  of  the  animal  and  vegetable^ 
contends  that  the  latter  is  nothing  more  than  the  indu* 
rated  surface  of  the  parenchyma,  from  which  it  diflers 
only  in  such  circumstances  as  are  occasioned  by  posi- 
tion.  If  it  is  more  or  less  transparent— if  it  is  tougher 
and  firmer  in  its  texture  than  the  parenchyma  or 
any  of  its  parts,  it  is  only  because  it  is  constantly 
exposed  to  the  influence  of  light  and  air^  and  to  the 
contact  of  such  bodies  as  float  in  the  atmosphere; 
but  it  is  not  to  be  regarded  as  constituting  a  distinct 
organ  or  membrane,  or  as  exhibiting  any  proof  of 
its  being  analogous  to  the  epidermis  of  animals.* 
Such  is  the  substance  of  M.  MirbePs  opinion,  to 
which  he  is   aware  that  objections   may  still  be 
urged.  For  it  may  be  said,  if  this  is  the  true  origin 
of  the  epidermis,  how  comes  it  to  separate  so  easily 
from  the  interior  parts  in  the  spring  ?     To  this  ob* 
jection  M.  Mirbel  furnishes  the  following  reply-* 
naqiely,  that  its  facility  of  detachment  is  owing  to  the 
•  Trait*  d'Anat.  ct  dc  Pbys.  Veg,  torn,  i,  p.  S7. 
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disorganization  occasioned  in  the  epidermis  by  means 
of  itsexposedposition^which  has  even  the  etfectof  ulti- 
mately detaching  it  from  the  plant  altogether,  as  may 
be  seen  in  the  instances  in  which  it  bursts  and  exfi> 
Hates  when  it  is  not  able  to  expand  in  proportion  to 
the  internal  parts.  And  thus  M.  Mirbel  presumes  he 
has  established  his  position.     But  this  is  by  no 
means  the  most  formidable  objection  to  which  his 
hypothesis  is  liable ;  for  if  it  be  true  that  the  epider- 
mis is  nothing  more  than  the  pellicle  formed  on  the 
external  surface  of  the  parenchyma,  indurated  by  the 
action  of  the  air,  then  it  will  follow  that  an  epider- 
mis can  never  be  completely  formed  till  such  time 
as  it  has  been  exposed  to  that  action.    But  it  is 
known  that  the  epidermis  exists  in  a  state  of  com- 
plete  perfection  in  cases  where  it  could  not  possibly 
have  beoi  aflfected  by  the  external  air.     If  you  take 
a  rose*bud,  or  bud  of  any  other  flower,  before  it  ex- 
pands, and  strip  it  of  its  external  covering,  you  will 
find  that  the  petals  and  other  inclosed  parts  of  the 
fructification  are  as  completely  furnished  with  their 
epidermis  as  any  other  parts  of  the  plant,  and  yet 
.  they  have  never  been  exposed  to  the  action  of  the 
air»    The  same  may  be  said  of  the  epidermis  of  the 
seed  while  yet  in  the  seed  vessel,  or  of  the  root,  or 
of  the  paper  birch,  which  still  continues  to  form 
and  to  detach    itself,  though  defended  from   the 
action  of  the  air  by  the  exterior  layers.     In  herbs 
and  in  the  annual  parts  of  woody  plants,  such  as  the 
leav.es  aiid  flowers,  th^  epidermis  never  detaches 
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ibielf  tt  all ;  which  circumstanGe  M.  Mirbel  adduces 
as  an  additional  argument  in  &Tour  of  his  hypothec 
8is«  though  to  me  it  seems  an  argument  against  it 
For  if  the  air  produces  such  violent  effects  upon  the 
trank  and  branches  of  woody  plants^  why  should  it 
not  produce  similar  effects  upon  other  plants^  cht  upon 
other  parts  of  the  same  plant  ?  and  why  is  the  epi- 
dermis of  the  leaf  and  fruit  incapable  of  being  agaiii 
regenerated  if  accidentally  destroyed  ?     Till  a  sa(i»% 
Who»     fectory  answer  can  be  given  to  these  questions  it  is 
&S™P^»"*>'^  to  admit  the  hypothesis  of  M.  MirbeL 
ubie.       Bat  so  far  is  the  action  of  the  external  air  from 
being  the  cause  and  origin  of  the  epidermis,  that  it 
ts  even  detrimental  to  its  foi-mation.    For  the  r«pro- 
duction  of  a  part  that  has  been  destroyed,  in  caset 
capable  of   reproduction,    is    always    more  easily 
cflQCtcd  if  the  wound  is  covered  closely  up.    And 
hence  it  is  extremely  improbsbfe  that  die  epidermis 
ia  merely  a  modi£k;ation  of  the  external  surface  of 
tliB  purencbyma  cfieoted  by  the  influence  and  action 
of  the  air;  if  rather  it  is  not  evidently  an  oigari 
fiyrmed  by  the  agency  of  the  vital  principle,  even 
while  the  plant  is  yet  in  embryo,  for  the  very  pur- 
pose of  protecting  it  from  injury  when  k  shall  have 
been  exposed  to  the  air  in  the  process  of  vegetation. 
Its  growth  or  developement  is  accordingly  Ibimd  to 
keep  pace  with  that  of  the  plant  which  it  invests  as  a 
shcatli,  extending  in  ail  its  dimensions  and  aeeom- 
raodating  itself  with  wonderful  facility  to  the  «- 
pansion  of  the  interior  parte ;  as  may  be  seen  in  hn^ 


trees,  and  fruits  of  rapid  growth.  Its  expansion^ 
however,  is  circumscribed  by  certain  bounds  or 
limits  which  it  cannot  pass ;  for  when  vegetation  is 
too  rapid,  or  when  the  parts  have  become  indurated 
with  age,  it  refuses  or  is  unable  to  expand  further^ 
and  consequently  cracks,  as  in  the  bark  of  aged  trees, 
or  in  Melons  of  luxuriant  growth ;  the  fissure  being 
for.  the  most  part  perpendicular,  though  sometimesii 
as  in  the  Cherry-tree,  horizontal.  It  is  also  much 
more  capable  of  expansion  in  some  trees  than  otherSi 
and  remains  longer  smooth ;  and  where.it  does  not 
expand  freely  it  is  tViought  to  retard  in  some  degree 
the  developement  of  the  interior  parts,  as  in  the  case 
of  the  Cherry-tree,  the  epidermis  of  which  the  gar* 
deoer  is  often  obliged  to  lay  open  by  a  longitudioa) 
incision^  in  order  to  facilitate  the  growth  of  the  « 
plant. 

With  regard  to  the  disavowed  analogy  between 
the  ani,mal  and  vegetable  epidermis,  it  is  of  no  oon^ 
sequence  to  the  above  argmmeDit  whether  it  holds 
good  or  not.  But  there  are  several  respects  m 
which  an  analogy  between  the  two  cnticles  is  sis&r 
cieatly  striking :  they  are  both  capable  of  great  d* 
pansion  in  the  growth  of  the  subject;  tliey  are  both 
easily  regenerated' when  iigured  (with  the  exeq)tions 
already  stated),  and  seemingly  in  the  same  manner  f 
they  are  both  sutgect,  in  certain  cases,  to  a  constant 
decay  and  repair ;  and  they  both  protect  from  iii|Qry 
the  parts  enclosed. 


208  PROCESS  Of  0£V£LOP£MENT.       CHAP.  Iir« 

SECTION  II. 

Composite  Organs. 

Th£  elucidation  of  the  developement  of  the  Com* 
posite  Organs  involves  the  discussion  of  the  two 
following  topics :— -the  formation  of  the  annual  plant, 
and  of  the  original  shoot  of  the  perennial ;  and  the 
formation  of  the  subsequent  layers  that  are  annually 
added  to  the  perennial. 

SUBSECTION   I. 

Annuals  and  Annual  Shoots. — If  a  perennial  of  a 
year's  growth  is  taken  up  in  the  beginning  of  winter 
when  the  leaves,  which  are  only  temporary  organs, 
have  fallen,  it  will  be  found  to  consist  of  a  root  and 
trunk,  surmounted  by  one  or  more  buds.  The  root 
is  the  radicle  expanded  into  the  form  peculiar  to  the 
species,  but  the  trunk  and  buds  have  been  generated 
Section  of  in  the  process  of  vegetation.  Let  the  root  or  trunk  be 
'^^  **'  now  taken  and  cut  into  two  by  means  of  a  transverse 
section,  and  it  will  be  found  to  consist  already  of 
bark,  wood,  and  pith.  The  pith  is  spongy  and  succu* 
lent,  being  an  assemUage  of  hexagonal  cells  filled 
with  a  limpid  juice.  The  wood  is  tender  and  brittle, 
being  an  assemblage  of  longitudinal  tubes,  or  fibres, 
J^rmiog  in  the  aggregate  a  cylinder  or  circular  layer 
that  invests  the  pith.  The  bark  is  sofc  and  flexible^ 
being  also  an  assemblage  of  tubes  that  form  in  their 


aggregate  a  cylinder  or  circular  layer  dosely  invest- 
ifig  the  wood.  If  the  root  or  trunk  of  an  annual  k 
takea  and  treated  in  the  same  manner^  it  will  bo 
found  to  contist  of  an  epidermis^  I^ulp,  and  inter^ 
•persed  fibre.  Here  then  is  the  termination  of  die 
growth  of  the  animal,  and  of  the  first  stage  of  tbo 
growth  of  the  perennial :  how  have  their  several 
parts  or  crgum  been  formed  ? 

As  the  pith  seems  only  a  modification  of  the  ori^  Formation 
ginal  pulp^  the  same  hypodiesis  that  accounts  for  the  ^    ^^^  ' 
formation  of  the  one  will  account  also  for  the  forma* 
tion  of  the  other,  ut  least  in  se^  fir  as  they  are  found  to 
consist  of  cellular  tissue ;  the  cells  and  membrane 
composing  diem  beiog  in  both  cases  alike,  though 
somewhat  modified  by  situation.     If  the  cells  of  the 
pith  are  the  largest,  it  is  perhaps  because  being  lodged 
in  the  centre  they  are  there  the  £irthest  removed  from 
the  compression  and  action  of  the  air :  and  if  the  cells 
of  the  exterior  pulp  are  die  smallest,  it  is  perhaps  be- 
cause being  situated  towards  the  circumference  they 
are  there  the  most  exposed  to  the  influence  of  the 
same  causes.    But  their  charaoter  is  also  affiseted  by 
the  character  of  the  juices  they  contain ;  the  pulp 
containing  a  resinous  juice,  as  being  mingled  from  its 
position  with  the  proper  juice  of  the  plant ;  and  the 
pith  containing  a  watery  juice,  as  having  more  com- 
munication with  the  ascending  sap.    Hence  the  pith 
and  pulp,  or  parendiyma,  are  ultimately  converted 
into  organs  essentially  distinct  from  one  another ; 
though  phytologists  have  been  much  puzzled  toFanctioD. 
assign  to  each  its  respective  functions. 

VOL.    II.  p 
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Aoeoiding      In  the  earlier  ages  of  pbytological  inquiry^  or 
Uer  |!tmo.  nitber  in  ages  in  which  pb]rtological  opinions  w^ne 
logiiti,      formed  without  inquiry,  one  of  the  vulgar  errors  of 
the  tinie  seems  to  have  been  an  opinion  by  whicb 
the  function  of  the  pith  was  supposed  to  be  that  of 
generating  the  stone  of  fruit,  and  by  which  it  was 
thought  that  a  tree  deprived  of  its  pith  would  pro- 
duce  fruit  without  a  stone.*     But  this  opinion  is  by 
much   too  absurd   to   merit   a   serious   refutation. 
Another  early  opinion,  exhibiting  however  indica- 
tions of  legitimate  inquiry,  is  that  by  which  the  pith 
was  regarded  as  being  Analogous  to  the  heart  and 
Malpighi,  brain  of  animals,^  as  related  by  Malpighi ;  who  did 
not  himself  adopt  it,  but  believed  the  pith  to  be 
like  the  cellular  tissue,  the  viscera  in  which  the  sap   j 
is  elaborated  for  the  nourishment  of  the  plant,  and 
Magnol^    for  the  protusion  of  future  buds.  :|;      Magnol  thought 
that  it  produces  the  flower  and  fruit,  but  not  the 
Da  Hap     wood.     Du  Hamel  regarded  it  as  being  merely  an 
™^^'         extension  of  the  pulp  or  cellular  tissue,  without 
being  destined  to  perform  any  important  ftinction  in 
LinnKai.  the  process  of  vegetation.  §     But  Linnseus  was  of 
opinion  that  it  produces  even  the  wopd ;  regarding  it 
not  only  as  the  source  of  v^table  nourishment, 

i 

*  Phys.  des  Arb.  llv.  i«  chap.  ill.  ' 

t  MeduUae  usus  olim  insignis  cordi  et  cerebro  analogas  crede-   ' 
batur.    Anat.  Plant.  13.  I 

I  Concpquitur  itaque  in  horizon  tali  bus  utriculis^  et  medulla 
ipsa  succusy  ut  futuris  et  proximo  erupturis  gemmis,  et  tenellis   i 
foliis  pnesto  sit.    Anat.  Planr.  13.^ 

f  Phys,  des  Arb.  liv.  i.  chap.  iii. 
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but  as  being  also  to  the  vegetable  what  th^  braiti 
and  spinal  marrow  are  to  animals^  the  source  and 
seat  of  life.  In  these  opinions  there  may  be  some- 
thing of  truths  but  they  have  all  the  common  fault 
of  ascribing  to  the  pith  either  too  little  or  too 
much. 

Mr.  Lindsay^  of  Jamaica,  suggested  a  new  opinion  Lindsay, 
on  the  subject,  regarding  it  as  being  the  seat  of  the 
irritability  of  the  leaves  of  the  Mimosa,  and  Sir  J. 
C  Smith  says  he  can  see  nothing  to  invalidate  the 
arguments  on  which  this  opinion  is  founded.     Plenk  Plenk.adii 
in  his  Physiologia  Plantarum,  and  Mr.  Knight  in  Knight, 
one  of  his  papers  published  in  the  Philosophical 
Transactions,  regard  it  as  destined  by  nature  to  be  a 
reservoir  of  moisture  to  supply  the  leaves  when  ex- 
hausted by  excess  of  perspiration  ;  which  opinion 
Sir  J.  £.  Smith  combats,  contending  that  the  cause 
assigned  is  wholly  inadequate  to  the  effect,  as  the 
moisture  of  the  pith  would  in  many  cases  be  insuf- 
ficient to  supply  one  hour*s  perspiration  of  a  single 
leaf,  and  as  it  is  not  found  to  be  affected  even  when 
the  leaves  are  flaccid  by  drought.     The  objections 
thus  alleged  are  fatal  to  Mr;  Knight's   hypothesis, 
which  is  regarded  however  as  deriving  considerable 
support  from  the  phenomena  of  the  roots  of  some , 
of  the  Grasses,  as  from  that  of  Phleum  pratense, 
which  in  moist  situations  has  a  fibrous  root, .  while 
in  dry  situations  it  has  a  bulbous  root,  the  interior 
of  which  is  moist  and  spongy  like  the  pith  of  the  ^ 
young  shoot.    But  this^  instead  of  proving  the  pith 
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to  be  a  resen^ir  of  Baoisture^  proves  Tather  the  cap»- 
cit}r  kibewnt  in  plaoto  of  adapting  themaelvea  to 
theif  aitufttion^  by  means  q£  an  extraordinary  exer- 
tion Qf  their  viul  enei;gie$. 
And  Sir  J.     Sir  J.  E.  Smkh  professes  to  hold  an  interaaediate 
E.  Smith,  opinion  between  that  of  DuHamel,  who  ascribea  to  it 
no  pi^yliar  function  at  all^  and  that  of  Linnasus^  who 
ascribes  to  it  almost  every  thing  important  in  vege- 
tetion~4-egarding  it  not  as  a  source  of  nourishment, 
but  as  a  reservoir  of  vital  energy  or  life,  analogous 
to  die  spinal  marrow  and  nerves  in  animals,  which 
do  not  nourish  the   individual,  but  give  life  and 
vigour  to  thd  whole  by  being  diffused  throughout 
the  whole  of  its  parts."*     But  in  thus  adopting  the 
golden  mean,  through  whicl)^  while  heguardsagainst 
ascribing  to  it  too  much,  he  avoids  also  at  the  same 
time  the  o{^sile  extreme  of  ascribing  to  it  too  little, 
and  steers  equally  clear  both  of  Charybdis  and  Scylla, 
there  does  not  seem  to  have  been  much  gained  in 
ihe  present  instance.      The  analogy  between  the 
pith  of  v^tables  and  spinal  marrow  of  animals  is 
not  very  well  made  out :  if  the  spinal  marrow  is 
iiyured  the  parts  are  immediately  paralyzed^  and  if 
it  is  broken  the  animal  dies ;  but  Mr.  Knight  has 
shown  that  a  portion  of  the  pith  may  be  abstracted 
from  the  shoot  so  as  to  effect  a  disruption  of  con- 
tinuity without  occasioning  any  material  injury  to 
the  plant.     It  should  be  recollected,  however,  in 
justice  to  the  phytology  of  ancient  Greece,  that  this 
•  IntroductioDy  p.  40. 
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ezperimest  bad  ^eM  perferiMd,  and  t)ie  result  m* 
certainedy  even  in  tbe  time  of  f  heoplirBStiis**'  'I^ 
pith  eanttot  thefeft>f^  be  regamlMt  m  ooMeqiMd. 
ing*  to  the  sptml  marfow  of  aoiknalsi  ia  any  thiiif  ai 
ftH  essential. 

Henee  if  i^pears  that  the  pecidlir  fimotiofr  of  t^ 
pith  hat  not  jet  been'  akogetber  satiflfeetoriljr  asoeiw 
faitted;  attdthediffioBlljof  aseertaittuig  it  hat  6wtt 
tlioi]^f  to  be  mereased  from^the  eirewnfl««Me  of  i«^ 
aeemiiig  to  be  oftif  of  a  temporary  Me  in  the  plo* 
cest  of  yegetationi  by  its  disappearimg  altogether  iit 
lAie  aged  trunk.    Bot  attkongb  it  ia  dioe  only  tem^ 
porary  as  rehtive  to  the  bodf  of  the  tmak^  yet  it 
is  by  no  means  tefnpomry  as  mfative  to  Ike  pfooesi^ 
of  vegetation ;  Are  eentral  part  of  the  aged  tttinft 
being  now  no  longer  in  ft  ^qgetatiag  8tate>  and  ttie 
pi  A  beiii]g  always  present  in  one  shape  Of  olbeir  i»  the 
annual  plmt,  or  in  the  ne#  addifions  liMt  are  ao* 
nuaMy  made  to  perenniidt.  'Phe  pkb  then  is  essentiet 
to  vegeiatioii  i»  M  ila  stages  :  andfrott  t&eanokgy 
ct  im  stractnra  to  tibat  of  (he  pnlp  or  par6nch3nna 
whteh  i»  knov^n  fio^be  an  organ  of  ehrix>ration,  as  in 
the  leaf,  the  ftinetion  of  the  pith  i^  flMst  probably 
that  of  gi^ng  seeae  pecofiar  elaboration  to  the  sap, 
aecording  t^  the  hypothesieef  Ma^pighi;   whach 
seems  to  me  to  be  the  beat  founded  of  alt  the  fere^ 
going,  with  the  exeepHoa  of  ifcat  part  of  it  by 
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which  the  pith  is  supposed  to  be  also  peculiarly^ 
destined  to  give  origin  to  the  future  buds, 
Originand     The  next  topic  of  inquiry  is  that  of  the  genera- 
oTthc  ^^  ♦><>»  of  the  layer  of  wood  in  our  e^^paple  of  woody 
Uymor    P^^^^^  ^r  of  the  parts  analogous  to  wood  in  the  case 
oihcrwiic.  of  herbaceous  plants  ;  a  topic  that  has  been  hitherto 
but  little  attended  to.     Phytologists  have  ipd^d  of- 
fered many  conjectures  concerning  the  origin  of  the 
annual  layer  that  is  added  to  perennials;  but  they  do 
not  seem  to  have  taken  up  the  subject  at  the  proper 
point   They  have  generally  made  their  observations 
on  trees  of  considerable  age  and  magnitude,  ^nd  have 
contended,  some  that  the  wood  is  formed  from  the  pith, 
others  that  it  is  formed  from  the  bark,  ^nd  ot(iers 
that  it  is  formed  from  the  alburnum  of  th^  former 
year ;  thus  evading  the  subject  of  the  formation  of 
the  original  layer  altogether,  which  is  the  foundation 
of  all  the  rest,  and  the  most  essential  step  in  the 
•process  of  vegetation ;  thopgh  it  is  a  step  concern- 
ing which  there  can  be  but  little  said  that  is  at  all 
satisfactory.     If  we  suppose  the  rudiments  of  all 
the  different  parts  to  exist  already  in  the  embiyo, 
then  we  have  only  to  account  for  their  devekpement 
l^y  means  of  the  intro-susqeption  and  assimilation 
of  sap  and  proper  juice;  but  if  we  suppose  them 
to  be  generated  in  the  course  of  vegetation,  then  the 
difficulty  of  the  case  is  augmented :  and  at  the  best 
we  can  only  state  the  result  of  operations  that  have 
been  so  long  continued  as  to  present  an  effect  cog- 
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Tiizable  to  the  sense  of  sight,  though  the  detail  of 
the  process  is  often  so  very  minute  as  to  escape  even 
the  nicest  observation.  All^  then,  that  can  be  said  on 
the  subject  is  merely  that  the  tubes,  however  formed^ 
do,  by  virtue  of  the  agency  of  the  vital  principle 
operating  on  the  proper  juice,  always  make  their 
appearance  at  last  in  an  uniform  and  determinate 
manner,  according  to  the  tribe  or  species  to  which 
the  plant  belongs,  uniting  and  coalescing  so  as  to 
form  either  a  circular  layer  investing  the  pith,  as  in 
■woody  plants ;  or  a  number  of  divergent  layers  in- 
tersecting the  pith,  as  in  some  herbaceous  plants ; 
or  bundles  of  longitudinal  and  woody  fibre  inter- 
spersed throughout  the  pith,  as  in  others ;  though 
in  some  of  the  less  perfect  plants  no  longitudinal  > 
fibres  are  at  all  discernible,  and  consequently 
no  part  analogous  to  wood. 

In  the  same  manner  we  may  account  for  the  form-  And  bark, 
ation  of  the  layer  of  bark,  either  by  supposing 
that  it  is  merely  the  developement  of  some  original 
elements  existing  in  the  embryo,  or  that  it  is  gene- 
rated by  means  of  the  agency  of  the  vital  principle 
in  the  process  of  vegetation  and  out  of  the  proper 
juice,  so  as  to  form  an  exterior  layer  distinct  in  its 
character  and  properties,  and  separate  or  easily 
separable  from  the  wood  or  interior  part  of  the 
plant. 

Such  is  a  slight  sketch  of  the  process  of  the  de« 
velopement  of  the  elementary  and  composite  organs 
of  annuals,  or  of  perennials  of  a  year's  growth. 
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Formation     PercfimaUy  and  their  Annual  Layers.^^lf  a  pe« 
era  of  ^e  reuiiial  is  taken  at  the  end  of  the  second  year  and 
^^      dissected  as  in  the  example  of  the  first  year,  it  will 
be  found  to  have  increased  in  height  hy  the  addition 
of  a  perpendicular  shoot  consisting  of  bark,  wood, 
and  pith,  as  in  the  shoot  of  the  former  year ;  and  in 
diameter  by  the  addition  of  a  new  layer  of  wood,  and 
of  bark  generated  between  the  wood  and  bark  of  the 
former  year,  and  covering  the  original  cone  of  wood, 
like  the  p^per  that  covers  a  sugar*loaf :  this  is  the 
fact  of  the  mode  of  augmentation  about  which  phy- 
tologi^  have  not  differed,  though  they  have  di&red 
widely  with  rqgard  to  the  origin  of  the  additional 
layer  by  which  the  trunk  is  increased  in  diameter. 

Aceoiding      Malpighi  was  of  opinion  that  the  new  layer  of 

to  M-'"- 
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\i  80^'  wood  is  formed  from  the  liber  of  the  former  year ; 


the  layer  of  liber  being  by  degrees  assimilated  to  the 
woody  substance,  and  ultimately  converted  into 
a  layer  of  wood,  which  attaches  itself  to  the  layer 
that  was  previously  formed.**^  But  the  defect  of  thi^ 
hypothesis  is,  that  it  does  not  aecount  for  the  forma- 
tion of  the  new  layer  of  liber  itself.  Grew  was  of 
opinion  that  a  new  ring  of  sap  vessels  is  first  gene- 
rated on  the  inner  furiace  of  the  liber  of  the  former 
year,  which  is  gradually  converted  into  a  new  layer 
of  liber  that  ultimately  splits  into  two  portiotisi 
*  AtM.  Pteni.  n. 
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taking  contrary  diroctioos ;  tbe  outer  portion  ekteacU 
ing  towards  tb€  eircmnference  of  tbe  pfainl^and 
forming  the  new  layer  of  bark ;  and  Ike  inner  por- 
tion receding  towards  the  centre  and  fbraiing  the 
new  layer  of  wood.  Thia  hjrpothesM  is  preferable  to 
Malpighi*a,  inasmuch  as  it  accounts  for  the  new  layer 
both  of  wood  and  bark ;  and  perhaps  no  bjrpothesis 
whatever  is  more  eonfomiable  to  fact  Hales  was  of 
opinion  that  tbe  new  layer  of  wood  is  formed  from 
the  layer  of  the  preceding  ycar^  both  by  means  of  the 
dilatation  of  the  horizontal  vessels  of  tbe  former  layer^ 
and  also  of  the  extension  of  the  longitudinal  tubes. 
The  opinion  was  fimnded  opon  the  phenomena  of  a 
tumor  that  seemed  evidently  formed  ftom  the  wood ; 
whence  he  inferred  that  the  new  layer  is  also  formed 
from  the  wood.  But  as  it  could  never  have  been 
deemed  logical  from  the  phenomena  of  tbe  diseased 
action  oi  a  part  to  infer  the  mode  of  procedure  in 
the  sound  action  of  tbe  wbole^  the  hypothesis  does 
not  ajqpear  to  have  met  with  many  advocates.  Lin*  Accnrdi&s 
Bssus  thought  the  new  layer  of  wood  was  formed  ^us."* 
from  the  pith,  which  is  absurd,  because  the  opinion 
goes  to  tbe  inversion  of  the  very  order  in  which  the 
layer  ia  formed,  the  new  layer  being  always  exterior 
to  the  old  one.  But  according  to  the  most  general 
opinion,  the  layer  was  thought  to  be  formed  from  a 
substance  oozing  out  of  the  wood  or  bark^-^first,  a 
limpid  fluid,  then  a  viscid  pulp,  and  then  a  thin 
lajrer  attaching  itself  to  tbe  former ;  the  substance 
thus  exuding  from  the  wood  or  bark  was  generally 
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regarded  as  being  merely  an  extravasated  mucilage, 
which  was  somehow  or  other  converted  into  wood 
Da  Ham-  and  bark. :    but  Du  Hamel   regarded  it  as  being 
'  already  an  organized  substance,  consisting  of  both 

cellular  and  tubular  tissue,  which  he  designated  by 
the  appellation  of  the  Cambium,  or  Proper  Juice. 
This  opinion  seems  to  have  been  entertained  also  by 
Grew,  though  it  does  not  appear  to  rest  on  any  very 
convincing  evidence ;  the  foct,  however,  of  its  exu- 
dation was  evident,  though  it  was  not  yet  ascertained 
whether  it  exuded  from  the  wood  or  from  bark  of 
the  former  year ;  and  whether  the  new  layer,  when 
formed,  separated  into  two,  as  Grew  had  conjectured. 
This  inquiry  was  undertaken  by  Du  Hamel,*  whose 
experiments  on  the  subject  are  indeed  most  lumi- 
nous, and  are,  though  seldom  quoted,  an  anticipation 
of  almost  every  thing  that  has  been  done. by  the 
most  distinguished  of  our  modern  phytologists. 
Who  at-  I"^  order  to  ascertain  whether  the  new  layer  of 
thSTh^s  ^^^  "  formed  from  the  former  layer  of  wood  or  of 
formed  bark,  his  first  experiment  was  that  of  a  graft  par 
Fectisson  ;  ^f*  which  is  done  by  means  of  detaching  a 
portion  of  bark  from  the  trunk  of  a  tree  and  supply- 
ing its  place  exactly  by  means  of  a  portion  of  bark 
detached  from  the  trunk  of  another  tree,  that  shall 
contain  a  bud.  In  this  way  he  grafted  the  Peach  on 
the  Prune  tree,  because  the  appearance  of  the  wood 
which  they  respectively  form  is  so  very  different  that 
it  could  easily  be  ascertained  whether  the  new  layer 

♦  Phjs.  dcs  Arb.  liv.  iv.  chap.  in.         \  Ibid.  chap.  4. 
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was  produced  from  the  stock  or  from  the  graft. 
Accordingly  at  the,  end  of  four  or  five  months  after 
the  time  of  grafting  the  tree  was  cut  down,  and  as 
the  season  of  the  flowing  of  the  sap  was  past,  a  por- 
tion of  the  trunk  including  the  graft  was  now  boiled 
to  make  it  part  more  easily  with  its  bark ;  in  the 
stripping  off  of  which  there  was  found  to  be  formed 
under  the  graft  a  thin  plate  of  the  wood  of  the  Peach, 
united  to  the  Prune  by  its  sides,  but  not  by  its 
inner  surface,  although  it  had  been  applied  to  the 
stock  as  closely  as  possible :  hence  Du  Hamel  con-  From  the 
eluded  that  the  new  layer  of  wood  is  formed  from  the  ^JJ^^J^* 
bark,  and  not  from  the  wood  of  the  preceding  year.  7^^- 
The  same  experiment  was  repeated  with  the  same 
result  upon  the*l^lIow  and  Poplar;  when  it  was 
also  found  that  if  a  portion  of  wood  is  left  on  th& 
graft  it  dies^  and  the  new  wood  formed  by  the 
bark  is  exterior  to  it.  The  above  conclusion,  there- 
fore, is  perfectly  legitimate,  which  Du  Hamel  also 
strengthens  by  the  following  experiment : — Having 
detached  a  cylinder  of  bark  from  its  trunk,  and 
covered  the  wood  below  it  with  a  thin  plate  of  tin- 
foil, he  then  replaced  the  bark  as  before^  reducing 
the  case  to  the  following  dilemma ;  if  the  new  layer 
of  wood  was  formed  from  the  old  layer  of  wood,  then 
it  was  plain  that  the  new  layer  would  be  deposited 
within  the  tin-foil ;  and  if  it  was  formed  from  the 
bark,  it  was  also  equally  plain  that  it  would  be  de« 
posited  without  the  tin-foil :  the  result  accordingly 
was,  that  a  new  layer  of  wood  was  deposited  between 
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the  berk  and  tm-fbil^  but  none  between  the  tin-foil 
and  the  interior  layer.  This  experiment  vras  com^ 
pleteljr  decisive  of  the  point  in  question;  and  yet 
there  is  an  experiment  of  Dr.  Hope^s  on  the  same 
subject,  which  is,  if  possible,  still  more  convincing  r — 
Having  made  a  longitudinal  incision  in  the  trunk  of 
a  Willow  of  three  or  four  years  old  so  as  to  penetrate 
through  the  bark,  he  laid  bare  a  portion  of  the  stem 
by  slipping  the  bark  to  the  one  side,  which  was, 
however,  stiU  attached  to  the  stem  at  the  upper  ami 
lower  extremities  of  the  decorticated  part ;  the  de- 
tached portion  of  bark  was  then  bent  into  the  form 
*  of  a  hollow  cylinder,  by  uniting  its  edges  as  closely 
as  possible,  and  the  whole  well  secured  firom  the 
action  of  the  atmosphere.*  The  plant  was  then 
aHowed  to  remain  undisturbed  fer  several  years, 
when  the  result  of  dissection  was,  that  new  layers 
of  wood  were  generated  within  the  lateral  cylinder 
of  bark,  while  the  decortrcated  portion  of  the  stem  re- 
mained unaugmented;  the  portions  above  and  below 
being  augmented,  as  in  other  ordinaiy  cases  of  v^i^e- 
tation.  It  is  evident,  therefore,  that  the  additional 
layer  by  which  the  plant  increases  in  diameter  is 
generated  from  the  bark. 
Not  by  But  it  was  not  yet  accurately  ascertained  whether 
▼eraionof  ^^^  newly  formed  layer  of  wood  was  merely  in- 
fibSinto  ^""^*^^  ^^'^''>  **  w^s  the  opinion  of  Malpighi;  or  a 
wood,  production .  formed  from  it,  as  was  the  opinion  of 
Grew.    This  Du  Hamel  thought  he  might  ascertain 

♦  Smith's  Introduction^  p.  35. 
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by  means  of  passing  through  the  bark  of  a  tree 
jeireral  small  threads  of  silver  in  a  horizontal  di- 
i:ection,  so  as  to  penetrate  the  liber.*  If  the  liber  was 
converted  into  wood^  the  threads,  it  was  to  be  pre- 
sumed, would  be  found  ulttinately  imbedded  in 
the  wood ;  and  if  it  was  not  converted  into  wood^ 
they  would  be  found  still  in  the  bark*  Accordingly 
when  a  trunk  which  had  been  so  treated  was  at  the 
end  of  several  years  opened  up  and  inspected,  the 
threads  w:ere  found  to  be  deeply  imbedded  in  wood : 
it  is  (dain,  therefore,  that  the  new  layer  of  wood 
forms  originally  a  layer  of  libej*,  aocording  to  the 
common  acceptation  of  the  term.  But  to  try  also 
the  vahie  of  Grew*s  conjecture  with  regard  to  the 
separation  of  the  liber  into  two  parts,  the  one  ex* 
panding  towards  the  circumference  and  forming 
new  bark,  and  the  other  condensing  towards  the 
centre,  and  forming  new  wood,  Du  Hamel  varied 
the  above  ci^periment  so  as  that  some  of  the  threads 
were  passed  through  the  outer  part  of  the  bark,  near 
the  epidermis;  others  through  the  inner  part  of  it, 
fear  the  liber;  others  through  the  liber  itself;  and 
others  between  the  liber  and  wood.  At  the  end  of 
several  years,  when  the  trunk  was  opened  up  and 
in«|>ected,  the  threads  that  were  originally  placed  in 
the  outer  bark  and  near  the  epidermis  were  now 
covered  only  with  a  thin  and  decayed  crust,  which 
broke  readily  into  pieces ;  those  that  were  originally 
placed  in  the  outer  bark,  but  near  the  liber,  were 
*  Phys.  dsi  AxhWt  lif-iv.  cksup.  iii. 
.       7 
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now  among  the  external  cortical  layers ;  those  thart 
were  originally  passed  through  the  liber  were  now 
imbedded  in  wood ;  and  those  that  were  orginally 
passed  between  the  liber  and  wood  were  still  more 
deeply  imbedded.    The  conjecture  of  Grew,  there- 
fore, is  confirmed,  at  least  in  substance.     For  either 
the  layer  that  is  formed  separates  into  two  distinct 
portions^  the  one  tending  towards  the  circumference 
and  forming  bark,  and  the  other  tending  towards 
the  centre  and  forming  wood  ;  or,  two  distinct  layers 
are  originally  generated  receding  in  opposite  di- 
rections, and  forming  respectively  wood  and  bark : 
which  last  part  of  the  alternative  is  the  most  likely 
to  be  the  fact ;  because  we  can  scarcely  refer  two 
substances  so  distinct  in  their  character  and  proper* 
ties  as  the  wood  and  bark,  precisely  to  the  same 
origin. 
Batbyim-     But  although  the  above  experiments  are  correct 
fceneratioB  and  convincing,  beyond  all  controversy,  as  far  as 
they  go,  yet  they  do  not  include  the  whole  of  the 
case ;  for  the  annual  layer,  which  seems  thus  to  be 
formed  merely  from  the  bark,  is  in  fact  formed  only 
from   the  proper  juice  descending  from   the  leaf 
through  the  tubes  of  the  liber.    The  bark  then  is  not 
to  be  regarded  as  the  generating  cause  of  the  new 
layer,  but  merely  as  the  medium  of  the  transmission 
of  the  materials  from  which  it  is  formed.     For  the 
proof  of  this  most  important  fact  we  are  chiefly 
indebted  to  the   well-known  expeHments  of  Mn 
Knight,  by  which  he  has  thrown  the  highest  degree 
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of  eludd^on  on  one  of  the  most  obscure  and  intri* 
cate  procesaes  of  theTefjetaUeeeononiy,  in  having 
shown  that  the  sap  is  elaborated,  so  to  raider  it  fit  As  e1ab«» 
for  the  formation  of  new  parts,  in  the  leaf  only.     If  the  1«^ 
a  leaf  or  branch  of  the  vine  is  grafted  even  on  the 
fruit-stalk  or  tendril,  the  graft  will  still  succeed  ;* 
but  if  the  upper  part  of  a  branches  stripped  of  it^ 
leaves  the  bark  will  wither  as  far  it  is  stripped ;  and 
if  a  portion  of  bark  furnished  with  a  leaf  is  insulated 
by  means  of  detaching  a  ring  of  bark  above  and  below 
it,  the  wood  of  the  insulated  portion  that  is  above 
the  leaf  is  not  augmented:^  this  shows  evidently   * 
that  the  leaf  gives  the  elaboration  necessary  to  the 
formation  of  new  parts,  and  that  without  the  agenc/ 
of  the  leaf  no  new  part  is  generated. 

There  seems  indeed  to  be  an  exception  to  this  Or  eve* 
law  in  one  of  Mr»  Knight's  own  experiments,  in  ^* 
which  he  found  that  when  the  firuit^stalk  was  grafted 
on  the  leaf-stalk,  the  graft  succeeded  also ;  and  in 
which  case  the  wood  was  deposited  on  the  external 
sides  of  his  central  vessels,  having  oozed,  no  doubt, 
from  the  external  tubes  by  which  the  proper  juice 
descends.  Now  this  seems  to  prove  that  the  parts 
of  the  flower  are  capable  of  generating  wood  as  well 
as  the  leaf:  but  it  should  be  recollected  that  flowers 
in  general  are  furnished  with  a  calyx,  which  is.cer* 
tainty  very  nearly  allied  to  the  leaf,  and  that  some 
parts  of  the  flower  are  even  convertible  into  leaves ; 
*  Pbil.  Trans.  1S03.  f  Ibid.  ISQt. 
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as  nmj  he  wotn  in  the  case  of  the  oomoMn  Cherry 
wfaeR  the  bkwMNii  becomes  double,  the  stamens 
being  eonverted  into  petals,  and  the  pifttil  not  un- 
firequfntly  into  a  leaf.  A  similar  phenomenon  may 
be  sometimes  observed  also  in  the  fruit  of  the  Pear- 
trae.  In  the  summer  of  I8O9,  I  observed  in  the 
garden  of  Rendiesham  Parsonage  two  Pears,  of 
nearly  the  size  of  the  rest  on  the  same  tree,  having 
each  several  leaves  growing  out  of  it,  with  the 
insertion  about  half  way  between  the  base  and 
apex  of  the  fmit:  I  do  not  know  what  particular 
variety  of  Pear  it  was,  but  it  was  a  large  and  dusky- 
coloured  winter  Pear,  perhaps  the  winter  rousselet. 
The  same  diiog  may  be  also  observed  in  the  fruit  of 
the  Medlar ;  and  lience  the  success  of  Mr.  Knighf  s 
graft  of  the  fruit-stalk  on  the  leaf-stalk  is  the  less 
surprising.  The  Act  then  is  that  the  new  layer 
Xndde-  i^  formed  not  abeolutely  from  the  bark,  as  the 
tbrougl?  ei^periments  of  Du  Hamel  might  seem  to  indicate, 
the  return- (mt  from  the  propcT  juice  descending  through  the 
returning  vessels  of  the  leaf,  leaf-stalk,  and  inner 
bark,  from  the  summit  to  the  lower  extremity  of 
the  plant;  in  tracing  which  vessels  Mr.  Kni^t 
diought  he  could  even  discover  two  distinct  sets,  one 
for  forming  the  new  layer  of  wood,  and  another  for 
forming  the  new  layer  of  liber.  This  is  a  very  nice 
distinction  indeed,  and  a  feet,  if  it  is  the  fact,  diffi- 
cult to  ascertain.  It  is  certain,  however,  that  either 
two  layers  are  originally  generated  ;  or  that  the  ori- 
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ginal  layer  separates  into  two  parts,  as  Grew  sup- 
posed; because  the  bark  is  augmented  by  a  new 
layer  as  well  as  the  wood. 

Such  is  the   final  result  of  the  experiments  of  Peculiar 
Du    Hamel,  Hope,    and    Knight.     And   yet   Mr.  Knight. 
Knight,   who  has  done  so  much  to  elucidate  the 
subject,  entertains  at  the   same   time  some  minor 
opinions  that  are  altogether  incompatible  with  his 
general  theory,    *  He   is  of  opinion  that  the  new 
bark,  its  well  as  the  leaf,  possesses  also  the  power  of 
preparing  proper  juice  and  of  generating  new  wood; 
because  it  was  observed  that  a  small  quantity  of 
wood  was  generated  even  at  the  lower  extremity  of 
an  insulated  portion  of  bark  on  which  there  was 
neither  bud  nor  leaf.*     But  is  it  not  possible  to 
account  for  this  small  production  from  the  quantity 
of  proper  juice  that  might  exist  in  the  bark  at  the 
time  it  was  left  in  its  insulated  state  ?     He  is  also  of 
opinion  that  the  wood  or  alburnum  already  formed 
extends  itself  laterally  without  any  radicles  as  he 
calls  them,  descending  from  the  leaves  and  shoots 
above ;   because   trees  of  different   species,   when 
grafted  on  one  another,  preserve  their  wood  distinct 
in  quality  immediately  above  and  below  the  graft. 
But  if  the  wood  extends  itself  laterally,  why  did  it 
not  so  extend  itself  above  his  insulated  leaf,  where 
we  are  told  it  made  no  augmentation?  And  is  it  not 
also  possible  that  the  proper  juice  may  receive  its 
final  degree  of  modification  in    the  bark  itself? 
♦  Phil.  Trans.  1803. 
VOL.  «.  «^ 
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iThis  is  much  more  likely  to  be  the  case  than  that 
the  alburnum  should  extend  itself  laterally,  which 
is  contrary  to  the  experiments  of  Du  Hamel^  and 
also  to  the  scope  of  Mr.  Knight's  general  con- 
clusion ;  namely,  that  the  sap  after  being  exposed 
to  the  action  of  the  light  in  the  leaves,  and  con- 
verted into  proper  juice,  is  again  carried  back  by 
the  returning  vessels  of  the  leaf  and  leaf-stalk  to 
the  bark)  by  which  it  is  conveyed  throughout  the 
whole  extent  of  the  plant,  to  add  new  matter  and 
to  compose  the  diflferent  organs  for  the  succeeding 
year.* 
Angmeot.  Such  then  is  the  mode  of  the  augmentation  of 
succeeding  the  plant  in  the  second  year  of  its  growth.  It  ex- 
^**"*  tends  in  width  by  a  new  layer  of  wood  and  of 
bark  insinuated  between  the  wood  and  bark  of  the 
former  year ;  and  in  height  by  the  addition  of  a 
perpendicular  shoot  or  of  branches,  generated  as 
in  the  shoot  of  the  first  year.  But  if  the  plant  is 
taken  and  dissected  at  the  end  of  the  third  year,  it 
will  be  found  to  have  augmented  in  the  same 
manner ;  add  so  also  at  the  end  of  the  succeeding 
year  as  long  as  it  shall  continue  to  live ;  so  that  the 
outermost  layer  of  bark,  and  innermost  layer  of 
wood,  must  have  been  originally  tangent  in  the  first 
year  of  the  plant's  growth ;  the  second  layer  of 
bark,  and  second  layer  of  wood,  in  the  second 
year;  and  so  on  in  the  order  of  succession  till  you 
come  to  the  layer  of  the  present  year,  which  will  i 

*  Phil  Traill.  1805. 
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in  like  manner  divide  into  two  portipnjs,  the  outer 
forming  one  or  more  layers  of  bark^  and,  the  inner 
forming  one  or  more  layers  of  wood.  And  hence 
the  origin  of  the  concentric  layers  of  wood  and  of 
bark  of  which  the  trunk  was  found  to  be  composed 
in  treating  df  the  anatomy  or  internal  structure  of  the 
plant;  where  it  was  shown  that  the  layers  of  wood 
are  by  no  means  regularly  developed,  being  often 
thicker  on  the  one  side  of  the  stem  than  on  the 
other,  and  often  also  more  in  number ;  owing,  as  it 
appeared,  to  a  superfibundance  of  sap  flowing  from 
a  large  root^  or  to  a  large  branch,  or  to  sudden 
changes  of  temperature.  And  even  where  the  in- 
dividual layers  are  of  equal  thickness  throughout, 
they  are  not  always  equal  in  thickness  to  one 
another;  owing  no  doubt  to  the  age  and  vigour 
of  the  plant;  for  the  larger  the  diameter  of  the 
tree,  the  thinner  the  layer,  even  if  the  same  quan- 
tity of  wood  should  be  formed.  But  the  layers  of 
wood  are  always  thicker  than  the  layers  of  bark; 
though  the  bark  of  sickly  trees  is  thicker  in  pro- 
portion to  the  wood  than  that  of  healthy  trees. 
But  how  are  the  difierent  layers  united  together  so 
as  to  form  but  one  body  in  the  aggregate?  Malpighi 
thought  the  layers  of  liber,  as  form^  by  the  lon- 
gitudinal tubes,  are  united  or  cement^  together  by 
means  of  a  plate  of  cellular  tissue  interposed  be- 
tween them.  In  the  formation  of  the  layers  it  is 
true  that  tubes  and  utricles  are  always  conjoined, 
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the  former  being  apparently   united  together  by 
the  latter.     But  it  does  not  appear  that  an  inter- 
vening layer  of  cellular  tissue  is  always  to  be  found 
distinct.    There  are  some  plants,  however,  which  do 
exhibit  the  layer  in  question  distinctly  enough  ac- 
cording to  the  description  of  Malpighi.     Between 
every  two  layers  of  the  bark  of  the  Fir-tree,  there  is  a 
thin  layer  of  a  substance  evidently  different  in  tex- 
ture, which  might  have  been  the  ground  of  Mal- 
pighi's  remark.      And   even  in  the  body  of  the 
trunk  there  is  alternately  a  layer  of  wood  that  is 
hard  and  white,  and  a  layer  that  is  brown  and  re- 
sinous, from  which  the  resinous  drops  exude  when 
the  trunk  is  cut. 
Formation      But  how  are  we  to  account  for  the  formation  of 
Ttrgent      the  divergent  layers,  which  Du  Hamel  erroneously 
^^\n^\o  supposed  to  proceed  from  the  pith  ?    If  Du  Hamel 
DuHamcl,  \^^^  \y^^  happened  to  attend  to  the  phenomena  re- 
lative to  the  point  in  question,  which  some  of  his 
own  experiments  were  the  best  calculated  to  exhibit, 
he  vrould  readily  have  found  the  true  solution  of 
the  difficulty.     This,  however,  has  been  furnished 
by  Mr.  Knight,  who,  in  tracing  the  result  of  the 
operation    of  budding,    observed    that    th^    wood 
formed  under  the  bark  of  the  inserted  bud  unites 
indeed  confusedly  with  the  stock,  though  still  pos- 
sessing the  character  and  properties  of  the  wood 
from  which  it  was  taken,  and  exhibiting  divergent 
layers  of  new  formation  which  originate  evidently 
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in  the  bark,  and  terminate  at  the  line  of  union 
between  the  graft  and  stock.*  Also,  if  a  portion 
of  the  stem  of  a  tree  is  decorticated  so  as  to  leave 
the  surface  of  the  alburnum  expdsed  to  the  air  for 
any  considerable  length  of  time,  there  is  no  farther 
vegetation  on  that  part  of  the  alburnum.  But  il 
the  wound  is  not  very  large  it  will  again  close  up, 
first  by  means  of  the  production  of  a  new  bark 
issuing  from  the  edges,  and  gradually  narrowing 
the  extent  of  the  wound  ;  and  then  by  the  pro- 
duction of  new  layers  of  wood  formed  under  the 
bark  as  before.  The  new  wood  will  not  indeed 
unite  with  the  portion  of  alburnum  that  had  been 
exposed  to  the  air ;  but  it  will  exhibit  on  a  horizontal 
section,  the  same  traces  of  divergent  layers  as 
before,  extending  from  the  bark  in  which  they 
originate  to  the  lifeless  surface  of  the  old  wood 
within.     It  is  evident,  therefore,  that  the  divergent  Wboie 

layers  are  formed,  not  from  the  pith,  but  from  the  ^P»"'^"  "• 
^  ^    ^  *  erroneous. 

proper  juice  descending  through  the  channel  of  the 
bark^  and  are  synchronous  in  their  formation  with 
that  of  the  concentric  layers  through  which  they 
pass. 

It  seems  indeed  impossible  that  the  divergent 
layers  should  be  an  extension  of  the  pith,  at  least 
beyond  the  first  or  second  year  of  the  plaqt's 
growth,  whether  on  account  of  •the  gradual  indu- 
ration of  the  wood,  or  of  its  own  natural  diminu- 
tion. For  as  the  trunk  increases  iq  si^e  the  pith 
•  Phil.  Trans.  1803. 


J 


^gjj  PROCESS   OF  DEVELOPEBiENT.      CHAP.  IV. 

gradually  diminishes  in  diameter,  till  it  is  at  length 
totally  oblitferated,  and  its  place  supplied  with 
wood,  as  in  the  case  of  the  aged  trunk ;  existing 
only  in  the  smaller  branches,  or  iu  the  annual 
shoot. 
Cbntcr.  But  how  is  the  formation  of  the  wood  to  be 
•ion  of  the  accounted  for,  that  now  occupies  the  place  of  the 

pith  iQto     •^'-*'"  '  *  r  ^i_         1      i. 

wood.       pith  ?     In  the  chapter  on  the  anatomy  of  the  plant 
it  was  observed  that  the  pith  of  the  young  shoot  is 
surrounded  by  a  set  of  longitudinal  tubes,  forming 
in  the  aggregate  a  cylinder,  in  which  it  is  invested 
as  in  a  sheath,  which  M.  Mirbel  designslLtes  by  the 
appellation  of  the  Tubular  sheath;  but  which  I 
have  thought  to  be  better  designated  by  the  ap- 
pellation of  the  Medullary  sheath;  inasmuch  as 
the  latter  term  suggests  the  use  of  the  organ  in 
question,  which  the  former  term  does  not.    But 
by  whatever  appellation  it  may  be  designated,  it 
appears  that  the  tubes  of  which  it  is  composed  do, 
in  the  process  of  vegetation,  deposit  a  Cambium^ 
which  forms  an   interior  layer  that  is   afterwards 
converted  into  wood  for  the  purpose  of  filling  up 
the  medullary  canal.     Such  is  the  account  given 
by  M.  Mirbel,*  of  the  origin  of  the  wood  occupying 
the  place  of  the  pith  in  the  aged  trunk,  which  is 
countenanced  by  the  fact  of  the  developement  and 
existence  of  longitudinal  tubes  that  are  to  be  found 
even  within  the  body  of  the  pith,  as  stated  also  in 
the  above-mentioned  chapter. 

*  Trait6  d*Anat.  et  de  Phys.  Veg.  liv.  iii. 
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But  in  GODsequ^qce  of  the  increase  of  the  trunk  CoDter- 
by  means  of  the  regular  and  gradual  addition  ofburnum^* 
an  annual  layer,  the  layers  whether  of  wood  or  i^f  »ntow6«l- 
bar^L  are  pecessarily  of  different  flegrees  of  solidi^ 
in  proportion  to  their  age ;  the  inner  layer  of  barjp, 
and  the  outer  layer  of  wood,  beipg  (he  softest;  apd 
the  other  layers  increasing  in  their  degree  of  soli- 
dity till  you  reach  the  centre  on  the  one  hand,  and 
the  circumference  on  the  other,  where  they  are  re- 
spectively the  hardest,  forming  perfect  wood  or 
highly  indurated  bark,  which  sloughs  or  splits  into 
chinks,  and  falls  off  in  thick  crusts,  as  in  the  Plane- 
tree,  Fir,  and  Birch.  What  length  of  time  then 
is  requisite  to  convert  the  alburnum  into  perfect 
wood,  or  the  liber  into  inciurated  bark ;  and  by  what 
means  are  they  sq  converted  ? 

There  is  no  fixed  and  definite  period  of  time 
that  can  be  positively  assigned  as  necessary  to  the 
complete  induration  oi  the  wood  or  bark,  though 
it  seems  to  require  a  period  of  a  good  many  years 
before  any  particular  layer  is  converted  from  the 
state  of  alburnum  to  that  of  perfect  ,wood;  and 
perhaps  no  layer  has  received  its  final  degree  of 
induration  till  such  time  as  the  tree  has  arrived  at 
its  full  growth.  But  this  is  not  a  subject  of  any 
peculiar  importance.  It  is  a  subject  of  some  im- 
portance, however,  to  trace  the  cause  of  the  indu- 
ration of  the  wood,  concerning  which  there  seems 
to  have  existed,  or  to  pxist  now,  some  diversity  of 
opinion. 
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Aitributed  An  opinion  pretty  generally  entertained  was  that 
to^osso  ^^  which  the  induration  of  the  alburnum,  and  its 
consequent  durability,  are  attributed  to  the  loss  of 
sap  which  the  layer  sustains  after  the  period  of  its 
complete  developement ;  when  the  supply  from  the 
root  diminishes,  and  the  waste  by  evaporation  or 
otherwise  is  still  kept  up,  inducing  a  contraction 
or  condensation  of  its  elementary  principles  that 
augments  the  solidity  of  the  layer,  in  the  first 
degree,  and  begins  the  process  that  future  years 
finish; 
Theory  But  Mr.  Knight  believes  the  induration  of  the 
Knight  alburnum  as  distinguishable  in  the  winter  to  be 
owing  rather  to  some  substance  deposited  in  it  in 
the  course  of  the  preceding  summer,  which  he  re- 
gards as  being  the  proper  juice  in  a  concrete  or 
inspissated  state,  but  which  is  carried  off  again  by 
the  sap  as  it  ascends  in  the  spring.  This  was  ori- 
ginally a  conjecture  which  he  thinks  he  has  proved 
to  be  also  the  truth.  The  first  argument  is  founded 
on  the  fact  that  the  sap  as  it  ascends  becomes  gra- 
dually more  and  more  mixed  with  the  proper  juice 
of  the  plant,  as  may  be  seen  in  the  case  of  the 
Maple,  and  Birch,  the  sap  of  which  last  when  ex- 
tracted near  the  root,  being  almost  without  taste ; 
but  when  extracted  at  the  height  of  seven  or  eight 
feet,  or  less,  being  sensibly  sweet.  The  second  ar- 
gument is  founded  on  the  fact  that  the  specific 
gravity  of  the  sap  in  the  bleeding  season  increases 
according  to  the  height  at  which  it  is  extracted. 
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The  specific  gravity  of  the  sap  of  the  Sycamores- 
tree  extracted  close  to  the  ground  was  1*004  rat 
the  height  of  seven  feet^  1*008;  aqd  at  the  height 
of  twelve  feet,  1*01 2,  The  same  proportion  was 
also  observed  in  the  sap  of  the  Birch  ;  but  after  the 
sap  had  flowed  for  some  days  from  the  $ame  incisiofi 
the  specific  gravity  was  reduced  to  r002;  which 
shows  that  the  matter  carried  off  from  the  alburnum 
had  diminished  at  least  in  the  vicinity  of  the  in- 
cision. The  third  argument  is  founded  on  the 
fact  that  the  specific  gravity  of  the  alburnum  is 
greater  in  the  winter  than  it  is  either  in  the  pre- 
ceding or  following  summer.  Two  equal  portions 
were  taken  from  two  poles  that  had  sprung  from 
the  same  shoot,  the  one  having  been  felled  in  De- 
cember, and  the  other  in  the  May  foHowitig.  Thqr 
were  kept  for  the  space  of  seven  weeks  near  a  warm 
fire,  at  the  end  of  which  period  they  both  ap- 
peared to  be  perfectly  dry.  The  specific  gravity  of 
the  winter  felled  wood  was  0*67Q;  while  that  of 
the  summer  felled  wood  was  only  p-609.  Still  it 
was  possibll  that  the  apparent  difference  of  specific 
gravity  might  have  proceeded  merely  from  a  greater 
degree  of  contraction  in  the  winter  felled  wood; 
in  consequence  of  which  doubt  it  was  thought  that 
the  comparison  of  their  respective  quantities  of  ex- 
tractive matter  would  be  the  best  means  of  avoiding 
all  mistake.  Accordingly  six  ounces  of  boiling 
water  were  poured  on  1000  grains  of  each,  reduced 
to  small  fragments ;  and  at  the  end  of  twenty-four 
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hours  it  was  found  that  the  winter  felled  wood  had 
oomiDunicated  a  muoh  deepfsr  tinge  to  the  water, 
and  raised  its  specific  gravity  to  1*002,  the  specific 
gravitjr  of  the  other  being  only  I'OOl.  Whence 
Mr.  Knight  concludes  that  the  cause  <^  the  su- 
perior quality  of  winter  felled  timber^  and  of  the 
conversion  of  the  alburaum  into  wood^  is  attriba- 
table  to  the  matter  deposited  in  the  alburnum 
during  the  preceding  summerj  and  partiaUy, 
though  not  totally^  carried  off  in  the  sucQeeding 
spring.* 
ThrowB  But  after  all  this  parade  of  experiment,  it  must 
light  on  still  be  confisssed  that  there  is  but  little  elucidation 
ihc^iub.  thi^^n  OP  thp  subject.  For  the  truth  of  the  facts 
may  be  admitted,  and  y^t  the  le^^timacy  of  the 
ultimate  conclusion  deduced  from  them  may  be 
denaed.  It  may  be  true  that  an  e|ctraordinary 
quantity  of  proper  juice  is  deposited  in  the  al« 
bumum  in  the  course  of  the  summer,  which  is 
again  partly  carried  off  in  the  succeeding  spring ; 
and  this  will^  no  doubt  account  for  its  superior 
quality  in  the  intervening  winter.  But  how  is  it 
to  account  for  its  final  conversion  into  wood,  a 
change  that  is  efl^ted  only  by  slow  degrees^  the 
layer  becoming  every  year  more  and  more  indu- 
rated till  it  acquires  in  %the  end  its  last  degree  of 
solidity.  For  if  the  matter  deposited  in  the  sum- 
mer is  almost  wholly  carried  off  again  in  the  suc- 
ceeding spring,  no  progress  has  been  made  in  the 
•  PhiLTraot.  1S05. 
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process  of  induration  ;  unless  you  suppose  that  the 
matter  carried  off  from  the  alburnum  in  the  spring, 
by  means  of  the  ascending  sap,  is  again  deposited 
in  it  in  the  course  of  the  summer.     And  this  is 
indeed  what  Mr.  Knight  supposes ;  for  he  thinks 
that  the  proper  juice  in  descending  from  the  leaf  is 
expended  not  only  in  forming  a  new  epidermis, 
where  that  is  wanted,  and  a  new  layer  of  liber  and 
of  alburnum,  but  partly  also  in  entering  the  pores 
of  the  former  alburnum  and  mingling  again  with 
the  ascending  sap.     But  if  this  second  accession 
of  proper  juice  were  even  allowed,  its  effect  could 
be  but  very  trifling.     For  if  it  mingies  again  with 
the  ascending  sap,  it  must  also  be  again  for  the 
most  part  carried  off,  and  can  consequently  be  of 
no  great  advantage  to  the  induration  of  the  wood. 
And  if  it  should  even  leave  behind  it  a  considerable 
deposit,  now,  in  the  second  year,  still  you  have 
tcr  account  for  its  further  induration  in  the  third 
and  fourth   and  subsequent  years,  when   it  will 
hardly  be  contended  that  the  descending  proper 
juice  entbrs  it     It  cannot,  therefore,  be  admitted 
upon  Mr.  Ktiighfs  principles  that  the  alburnum  is 
converted  into  wood  by  means  of  «ny  matter  de- 
posited in  it   during    the   summer;    because  the 
matter  thus  deposited  is  again  carried  off  in  the 
succeeding  spring;  and  is  not  proved,  but  con- 
jectured, to  be  again  restored  in  the  summer  fol- 
Ipwing:   on   which   very   slender  foundation   Mr. 
Knight  has,  however,  thought  proper  to  erect  the 
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superstructure  of  the  doctrine  of  the  circulation  of 
the  vegetable  juices. 


SECTION  IlL 

Circulation  of  Vegetable  Juices. 

Accordiiig      AiTER  the  discovery  of  the  circulation  of  the 
^rlier       blood  of  animals,  phytologists,  who  were  fond  of 
£Uu?***'    ti^^^^ff  analogies  between  the  animal  and  vegetable 
kingdoms^  began  to  think  that  there  perhaps  existed 
in  plants  also,  a  circulation  of  fluids.     There  was 
,  not   indeed   any    visible    apparatus,  corresponding 

respectively  to  the  stomach,  intestines^  lacteals,  and 
heart  of  animals,  the  main  spring  of  the  circulation 
of  the  blood ;  but  the  defect  was  supplied  in  the 
best  way  possible.  The  root  was  regarded  as  cor- 
responding both  to  the  mouth  and  stomach  of 
animals,  and  as  effecting  some  peculiar  change 
upon  the  fluid  absorbed,  that  fitted  it  for  the  direct 
nourishment  of  the  plant ;  as  well  as  possessing 
also  the  power  of  propelling  the  digested  fluids 
impregnated  with  the  principles  of  nutrition, 
growth,  and  developement,  to  the  very  summit  of 
the  leaf,  from  which  it  was  again  returned  to  the 
root,  where,  mingling  with  the  newly  digested  fluid, 
it  was  again  propelled  to  the  summit  as  before,  and 
a  circulation  thus  kept  up.  The  vessels  in  which 
it  was  propelled  to  the  summit  of  the  plant  were 
denominated   arteries;   and  the  vessels   iti    which 
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it  is  again  returned  to  the  root  were  denominated 
veins. 

Such  was  the  original  theory  of  the  circulation  of 
the  vegetable  fluids,  which  was  soon  found  to  rest 
on  a  very  slender  basis,  and  to  stand  in  need  of  the 
support  and  sanction  of  some  substantial  argument. 
Accordingly  the  best  arguments  that  could  be  ob- 
tained were  mustered  up  in  defence  of  the  doctrine. 

In  proof  of  the  digestive  power  of  the  root  it 
was  said  that  if  a  tree  is  cut  down  level  with  tlie 
earth,  it  will  still  continue  to  live  and  to  send  out 
new  shoots;  which  it  could  scarcely  be  thought 
capable  of  doing,  except  upon  the  supposition  that 
the  sap  is  elaborated  in  the  root,  and  not  in  the 
upper  part  of  the  plant.  But  the  Fjr-tree  uni- 
formly dies  under  this  operation;  and  although 
most  trees  do  indeed  survive  it,  yet  it  is  only  by 
virtue  of  new  buds  which  are  formed  on  the  upper 
part  of  the  root,  or  remaining  part  of  the  stem, 
and  in  which  the  process  of  elaboration  is  con- 
tinued. For  if  you  constantly  destroy  the  buds  as 
they  make  their  appearance  the  root  will  to  a  cer- 
tainty die.  It  was  urged,  however,  that  the  root 
is  theorganof  elaboration^  because,  in  plants  having 
a  conspicuous  proper  juice,  it  may  be  readily  per- 
ceived by  means  of  a  transverse*  section  oozing 
from  the  very  extremity  of  the  root.  But  so  also 
it  may  be  observed  to  ooze  even  from  the  extremity 
of  the  stem.     The  argument  then  proves  nothing ; 
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and  if  it  tloes  prove  the  root  to  be  the  organ  of 
elaboration,  why  does  the  sap  in  general  ascend  the 
stem  unaltered  ? 

In  proof  of  the  fact  of  the  circulation  of  the 
sap  it  was  said  that  it  is  impossible  to  conceive  how 
the  important  and  complicated  operationa  of  the 
secretion  of  the  peculiar  juices  of  the  plant  could 
be  effected  all  at  once ;  and  that^  therefore,  it  was 
reasonable  to  suppose  them  to  be  effected  by  re- 
peated efforts,  which  the  circulation  of  the  sap,  as 
of  the  blood  in  the  animal  system,  was  the  best 
fitted  to  produce.  But  this  is  obviously  an  argu- 
ment of  convenience,  which  proves  nothing.  For 
if  the  cause  of  vegetable  developement  should 
.  remain  unexplained,  we  are  not  to  assume  that  of 
the  process  of  circulation  without  any  adequate 
proof,  merely  because  it  seems  to  account  for  it 
the  mo8t  easily.  But  it  was  added  that  di&rent 
aorts  of  vessels  are  distinguishable  in  the  structure 
of  the  plant,  some  for  conducting  the  sap  in  its 
ascent,  and  others  for  conducting  it  in  its  return. 
This  it  was  admitted  might  be  the  fact,  without 
proviipg  the  one  set  to  be  arteries  and  the  other 
veins.  It  was  then  said  that  they  must  still  be 
supposed  to  exist,  though  we  should  not  be  able  to 
distinguish  or  ascertain  them  ;  in  the  same  manner 
as  we  must  suppose  their  existence  in  the  wing  of 
a  butterfly  without  being  able  to  distioguish  them. 
This  is  no  doubt  possible;  but  it  is  contradicted 
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by  the  fact  that  an  inTerted  plant  grows.  It 
also  added  that  a  malignant  hnmonr  has  been 
times  found  to  pervade  the  whole  of  the  vaacniar 
system ;  which  coOld  not  have  hajiqpened^  as  it  was 
thought,  except  npofi  tfa^  supposition  of  a  circolatioa 
of  fluids.  But  it  is  also  known  &at  diseases  of  die 
trunk  do  not  always  a£fect  the  root ;  and  that  if  a 
tree  diseased  in  th6  trunk  or  branches  is  oilt  down 
to  the  root^  rt  will  send  up  new  shoots  as  soofid  and 
vigorous  as  at  first.  Finally,  it  was  said  that  para- 
sitical  plants  sire  injurious  to  the  tree  on  which 
they  grow,  by  throwing  into  the  circulation  some 
noxious  principle*  But  it  is  not  proved  that  para- 
sitical plants  are  alwajrs  injurious  to  the  tree  on 
which  they  grow ;  and  if  they  are  so  sometimes, 
the  efiect  may  be  very  well  accounted  for  by  attri- 
buting it  to  the  privation  of  a  part  of  its  due  nou- 
rishment, rather  than  by  the  introducing  of  some 
noxious  principle  into  an  assumed  circulation. 

Such  are  the  principal  arguments  that  were  ad- 
vanced by  the  earlier  phytologists  in  support  of  the 
circulation  of  the  sap,  as  stated  and  refuted  by  Du 
Hamel,*  who,  while  he  admits  the  ascent  of  the  sap, 
and  descent  of  the  pr6per  juice,  each  in  peculiar  and 
appropriate  vessels,  does  not  however  admit  the  doc- 
trine  of  a  circulation ;  which  seems,  about  the  mid- 
dle of  the  last  century,  to  have  fallen  into  disrepute. 
For  Hales,  who  contended  for  an  alternate  ascent  and 
descent  of  fluids  in  the  day  and  night,  and  in  the  same 
vessels,  or  for  a  sort  of  vibratory  motion  as  he  also 

•  Phys.  des  Arbres,  liv,  ?•  chap.  ii. 
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detcribes  it^  gave  no  countenance  whatever  to  the 
doctrine  of  a  circulation  of  juices* 
According.     But  the  doctrine,  as  it  appears,  has  been  again 
Cont^Tmi  revived,  and  has   inet  with  ^  the   support  of  some 
WilWe*     ^f  ^jjg  jjj^g^  distinguished  of  modern  phytologists. 
Hedwig  is  said  to  have  declared  himself  to  be  of 
opinion  that  plants  have  a  circulation  of  fluids  si- 
milar to  that  of  animals.     But  as  I  am   not  ac- 
quainted with  the  arguments  on  which  his  opinion 
is  founded,  I  can  say  nothing  with  regard  to  them. 
Corti  is  said  to  have  discovered  a  species  of  circu* 
lation  in  the  stem   of  the  Chara,  confined  ax  I 
believe,  within  the  limits  of  the  internodia.     But 
perhaps  it  was  nothing  more  than  a  sort  of  vibra- 
tory motion  of  the  contained  fluids,  similar  to  that 
which  I  observed   in   the  peduncle  of  the  Afar- 
chantiUi  as  related  in  the  Analysis  of  the  Internal 
Structure.     Willdenow  has  also  introduced  the  sub- 
ject, and  defended  the  doctrine,  in  his  Principles  of 
Botany ;  *  but  only  by  saying  he  believes  a  circu- 
lation to  exist,  and  that  it  is  impossible   for  the 
leafless  tree  to  resist  the  cold  if  there  be  not  a  circu- 
lation of  fluids  ;  which,  as  it  is  no  argument,  merits 
no  particular  reply. 
According      But  as  Mr.  Knight  has  given  his  reasons  some- 
^    "'S^^^'  ^hgt  more  in  detail,  we  will  also  be  somewhat  more 
particular  in  endeavouring  to  ascertain  their  value. 
The  experiments  by  which  Mr,  Knight  accounts  for 
the   conversion  of  the  alburnum  into  wood  have 
been  already  stated  in  detail.   But  he  is  of  opinion 
♦  English  Trans,  p.  2§5. 


thfEt  ifiey  ptis^  at  the  tfiiAe  tiffin  tlWf  cireffiliitioa  of 
Vhii  i^iffkiMt  ihida.     For  if  it  is  atdlftifted  dtet  ihe  ^ 

cfeiG^dft^  jiVoper  jnieb  forms  not  onfy  *  li^w  ^i* 
deHMis  Mi€t6  Wanted^  and  a  nevr  layer  of  Itbiir'anWI  of 
aIbtihiirM»  bf«t  inters  also,  partly,  the  albdVduni  of 
Ihe  piietteding  ydlir,  Where  it  mingles  atid  &  aj^iitt 
carHed  vtp  with  the  a^fc^ndnig  sap,  it  is  Obvious  tfl^ 
a  iroH  of  drctrlation  is  coimpleted.  Bbt  this  Ifet 
and  most  6i»6ntiil  pkrt  of  the  prodess  i^ts  merely 
on  the  fodndatibn  of  cohjectare ;  fer  Ihere  is  lio 
proof  offierled  in  Support  of  the  fkct :  it  is  only  said 
that  you  cannot  conceive  h)6^  hi  tL  body  so  pbrbu'j 
a^  wood,  th^  s^eral  fluids  ^ottM  remain  unfiiiied. 
It  i^,  'h6w6V€!ty  no  proof  of  the  truth  of  any  opinion 
to  say  that  you  cannot  conceive  the  ifhing  to  be 
otherHite,  ta  the  sadie  thing  has  been  s)iid  iii  sup^ 
poH  6f  ten  thousand  absnr£ties  vtrhidi  have  still 
codiintlell  to  be  absurdities.  It  is^  no  doubt  difficult 
t6  coAbeivii^  how  the  fluids  should  remain  unmixed ; 
hot  whai  if  they  should  re^ftin  unmixed  aftei*  all  t 
The  alBiiiiliiih  of  thd  former  year  being  now  con- 
siderably condensed,  will  not  afibrd  ^at  reiid^ 
reception  to  Che  proper  jhice  v^hich  is  hisHe  alledged : 
ill  the  same  manner  we  shall  suppose'  that  the  re- 
tnrnifag  vessels  of  the  leaves  dfd  nbt  adniit.colour^ 
idihsiololA;  but  if  the  vessels  of  the  alburnum  sbduld 
aifafrit  some  pitt  of  the  desc^bding  propler  jUtce  by 
m^tts  of  laietal  communication  as  is  herfe  suppbsed; 
can  any  one  be  detain  that  it  is  the  jiiice  v^hich  w43 
formerly  carried  upi  and  not  rather  part  of  that 
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which  has  been  newly  generated  ?  And  if  tJic  cir* 
culation  is  completed  only  by  the  entrance  of  the 
descending  fluid  into  the  alburnum  of  the  former 
year^  what  becomes  of   the  circulation  of  juices 
during  the  first  year  of  the  plant's  growth,  when 
there  is  yet  no  alburnum  of  a  former  year  to  enter  ? 
which  if  it  does  enter  in  future  years,  why  is  it  carried 
up  again  ?  It  does  not  seem  necessary  to  complete 
the  circulation,  and  upon  Mr.  Knight's  principles  it 
ought  rather  to  remain  for  the  purpose  of  eflfecting 
the  induration  of  the  wood.    In  short  there  seems 
to  be  a  great  deal  of  confusion  and  contradiction  in 
Mr.  Knight's  hypothesis.     For  first  he  supposes 
that  the    superior    specific    gravity  and    superior 
quality  of  winter  felled  wood  depends  upon  a  sub* 
stance  deposited  in  the  alburnum  during  the  pre- 
ceeding  summer  and  autumn,  and  yet  he  abstracts 
the  major  part  of  it  in  the  succeeding  spring  without 
replacing  it  by  a  quantity  sufficient  to  account  for 
its  increased  solidity  iu  ihe  subsequent  winter,  or  at 
least,  without  replacing  it  by  any  quantity  which  is 
to  remain  permanent 
WhoM         Mr.   Knight's  hypothesis,  therefore,  cannot  be 
is  inde-     true  in  its  whole  extent ;  for  if  the  supposed  circu- 
•  ^    lalton  exists,  then  the  superior  quality  of  winter 
felled  wood  does  not  ultimately  depend  upon  any 
substance  deposited  in  the  sllburnum  in  summer, 
because  it  is  all  or  in  great  part  carried  off  in  the 
succeeding  spring  and  not  absolutely  proved  to  be 
replaced  in  the  subsequent  summer;   and  if  the 
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matter  supposed  to  be  deposited  in  the  alburnum  is 
the  true  cause  of  the  wood's  superior  quality,  then 
the  circulation  cannot  take  place  ;  because  on  the 
supposition  in  question  the  matter  that  is  thus  de^- 
posited  ought  not  to  be  again  abstracted.  Indeed 
it  seems  to  be  doubtful  whether  the  hypothesis  is 
good  in  any  of  its  parts ;  for  as  on  the  one  hand  the 
circulation'  rests  on  no  admissible  proof,  io  on  the 
other  the  superior  quality  of  Uie  winter  felled  wood 
18  well  enough  accounted  for  by  its  becoming  more 
condensed. 

It  is  no  proof  of  the  circulation  of  the  v^table 
fluids  to  say  that  the  proper  juice  may  even  be  seen 
in  the  albumnm  of  some  plants,  as  in  the  exani{dd 
of  the  F^  For  sinice  die  silbumum  is  itself  ors- 
ginally  formed  of  the  proper  juice,  it  cannot  during 
the  first  year  be  otherwise  than  mixed  .with  it ;  and 
if  it  should,  oceaaionally  be  found  even  ih  the 
matured  wood,  it  may  be  nothing  more  than  tiie 
portion  that  was  or^inally  deposited^  now  in  an 
in^ntsated  state.  Nor  is  the  induration  of  the 
wood  to  be  i^rded  as  proceeding  from  die  intro- 
sosception  of  some  additional  substance  into  the 
alburnum,  rather  than  from  its  condensation^  owing 
to  the  mere  change  of  colour  which  takes  place  in 
that  process  from  a  white  to  a  dark  brown;  or  to  its 
incrnsed  durability^  as  supposed  by  Mr.  Knight,* 
becmse  the  eflects  in  question  may  be  easily  ac- 
eoimted  for,  even  upon  the  principle  of  condensa- 

^FLil.  Trio.  190S. 
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(iott.  Tl»  iMf  okaagm  il»  G^feur  i»  4ie  antafln^ 
and  wxnd  whm  &Uai  not  onlgr  chtai§f»  itoo^loinv 
hat  bacoaaiaabo:  own  4iimUe  without.  Uie  intnh- 
iwca|rti^iK  off  apy-  Mia  8iib8taaN»# 

Thmigh        BnA  aUbangb  thei  daetrinc'  o€  a  osamdatifln  aa 
^•  li^J^m'^Hiakitaiaad'  fty  Mn  Ksigbt  liimiUt  be  frhe,  yet  tbt 

laninooi.  MooHHit.  whieb  be  j^iaeaiiif  tba  pregreaB  aad  agwey 

ofl  tba  aap'  andr  propar  jnica^  sbmt  of  omndfeiioiri 

nu^r  ba  trao.    The  auoD  of  the  aooaimfe  k  as  M* 

lo«ii:-<**Wiiei^  the  taedia  dapoakad  ht  tlie  groond 

under  proper  conditions^  moisture  is  absorbed'  and 

Biodifcidi  hy  the  col^fkdaiia,  and  ooeduetad' directly 

toi  the  m^a^  whidh.  it-  by  oanse^ionca  first  de* 

dbvriopad.     But  the  flniil  which  hv  beaa  thus 

eondiMtad  to  theBaditde».iiHn||;Iing  no«doi^wltik:tba 

fluid  whieh*  is  now  aha  afaaeabed  lioat>  Hm  ami, 

aaoenda  afterwarda-  ta*  tha<  phimalal  tfaraugfa*  the 

BMdinm  af  the  tubas  ofi  theaibunanm.  Tbeplnmcb 

kt  naw  e:i^and8  aadi  givea  die  due  pivpailitiaii*  to 

the  ascanding  sap^  rahimiBC^it  also  in  ita  elabotalad 

atate  to  the  tabes  af  the  bark^  through)  ^iriuak  it 

agastideaceadato  thecxtaamkyof  tbaioal^  ibiinii^ 

ieitapsogress  new  baak  aaid  new  alVamntta;^  hart 

misrog  also,: aa Mr.  Knight  tfainka^ iMth  thealbiir- 

nuB»  of  the*  fbpmer  jreaff^  wheie  such  dbufnuat 

aiistt ,1  andr  se  conipietisig  thn  cirouhi*iato% 

But  in  thit  aocomitof  the  ppooaseof  irirftatatiim, 
thaugbsufiBdomiy  pertpiouous,  oue  or  t#o  luskeef 
the  ahaia  are-  dbvtaualy  ooutted-;  no  eot^Mtnra 
being  offered  with  ra^rd  to  tjie  origin  of  the  tubes 


of  the  alburnum  and  bark.  Their  existence  is  as- 
sumed but  not  accounted  Ibr.  We  are  told^  indeed^ 
that  the  tubes  of  the  alburnum  are  «ot  disooverable 
at  a  veiy  early  period  of  vegetation,  as  coloured  in- 
fusions are  not  absorbed  by  the  plant  till  it  is  some 
weeks  old^  even  when  part  of  the  root  is  cut  off,  at 
least  in  the  case  of  the  Horse*chesnu«,*  though 
they  begin  to  be  discoverable  soon  after  that  period. 
But  we  are  not  favoured  even  with  a  conjecture  with 
regard  to  the  probability  of  their  actual  or^n ; 
whether  as  being  wholly  generated  in  the  prepress 
of  v^tation,  or  as  being  merely  developed  by  the 
intro>suseeption  of  nutriment  into  some  primordial 
and  duly  oiganized  element  .preexisting  in  the 
embryo. 

SECTION  IV. 

Decomptsiie  Organs. 

To  the  above  brief  slMtch  of  the  Agen^  ct  tht 
vittd  principle  in  Hna  generation  or  growth  6f  thk 
elementary  and  composite  organs^  thisre  mw  t^ 
mains  to  be  added  that  of  tiia  progress  ttud  mod«  at 
the  growth  of  the  deoomposite  <A^tii,  <6r  orgfeM  imk 
mediately  constituting  the  plant,  as  fltiishing  thi 
process  of  the  v^table  devdop^m^nt  lliiii  will 
inelude  the  phteomena  of  the  ultiuatfe  ddvuldpi^. 
ment  of  the  root,  stem^  branchy  bud,  tetf,  fldHW^, 
and  fruit 

«  Phil  TWdft.  isdff. 
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SUBSECTION  I. 

The  Root     The  Root. — ^Prom  the  foregoing  observations  and 
experiments  it  appears  that  the  roots  o[  plants,  or  at 
least  of  woody  plants^are  augmented  in  their  width  by 
the  addition  of  an  annual  layer,  and  in  their  length 
by  the  additon  of  an  annual  shoot,  bursting  from 
the  terminating  fibre.  But  how  is  the  developement 
of  the  shoot  effected  ?  Is  it  by  the  intro-susception  of 
additional  particles  throughout  the  whole  of  its  ex* 
tent;   or  only  by  additions    deposited  at  the  ex- 
tremity ?  In  order  to  ascertain  the  fact,  with  regard 
EloDgpitcd  to  the  elongation  of  the  root,  Du  Hamel  instituted 
&mity**"  *^®  following  experiment : — Having  passed  several 
^y*        threads  of  silver  transversely  through  the  root  of  a 
plant,  and  noted  the  distances,  he  then  immersed 
the  root  in  water.     The  upper  threads  retained 
always  their  relative  and  original  situation,  and  the 
lowest  thread  which  was  placed  within  a  few  lines 
of  the  end  was  the  only  one  that  was  carried  down. 
Hence  he  concluded  that  the  root  is  elongated 
merely  by  the  extremity.'*    Mr.  Knight  who  fiom 
a  similar  experiment  obtained  the  same  result  de- 
duced from  it  also  the  same  conclusion.^   We  may 
regard  it  then  as  certain  that  the  mode  of  the  elon* 
gation  of  the  root  is  such  as  is  here  represented, 
^ough  in  the  progress  of  its  developement  it  may 
affect  a  variety  of  directions. 

*  ?hys.  des  Arb.  llv,  i.  chap,  v,  f  Pl>il*  Trsas,  180fi» 
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The  original  direction  of  the  root  is  generally  its  diico- 
perpendienlar^  in  which  it  descends  to  ji  consider- ^'^* 
able  depth  if  not  interrupted  by  some  obstacle.    In 
taking  up  some  young  Oak-trees  that  had  been 
planted  in  a  poor  soil^  Bu  Hamel  found  that  the 
root  had  descended  almost  four  feet^  while  the 
height  of  the  trunk  was  not  more  than  six  inches. 
If  the  root  meets  with  an  obstacle  it  then  takes  a 
horizontal  direction,  not  by  the  bending  of  the 
original  Ihoot/ but  by  the  sending  out  of   lateral 
shoots.     The  same  effect  also  follows  if  the  ex- 
tremity of  &e  root  is  cut  off.    It  grows  in  length  no 
longer.      Du  Hamel    made    some  Cherry-stones, 
Almonds,  and  Acorns  to  germinate  in  wet  sponges ; 
and  when  the  roots  had  grown  to  the  length  of  two 
inches,  he  then  placed  them  in  glasses  as  bulbous 
roots  are  placed,  so  as  that  the  extremity  of  the  root 
only  touched  the  water.     Some   were  previously 
shortened  by  the  cutting  off  of  a  small  bit  from  the 
point ;  others  were  put  in  entire.     The  former  im- 
mediately sent  out  lateral  shoots,  but  elongated  no 
farther  in  a  perpendicular  direction;  the  latter  de- 
scended perpendicularly  to  the  bottom  of  the  glass. 
He  cut  c^  also  the  tips  of  some  roots  vegetating  in 
the  earth,  and  had  the  same  result;  the  wound 
citatrized,  and  the  root  sent  out  lateral  divisions. 

When  a  root  ceases  of  its  own  accord  to  elongate,  Latend 
it  sends  out  also  lateral  fibres,  though  less  vigorously  ^^^ 
and   with  less  rapidity  than  in  the  above  cases. 
The  lateral  branches  of  perpendicular  roots  are 


a^ays  tb^  more  vigoFous  the  neacer  th^  i^  tp^  the 
trunks  bii»t  th^  lateral  branchea  of  boiifOtiitiiA  -M^to 
ajc9  tbye  Ic^g  vigQrom»  the  nearer  they  ape  ti^  4be 
trank'  III  4)?  foroner  eai^  th^  wereai^d  l^suiiiiiiee 
is  perhaps  owfif  to  tb^  ^isy  ajccess  of  ojiygme  iti 
th^  upper  divUiOM ;  h^t  m  the  httjt^  QMe  the  ». 
cre)se4  iMXunance  of  the  more  ^i^twt  4i^i096  i§ 
x^t  80  easily  accpuQted  fpr^  iff  it  is  aot  to  be  at- 
tributied  to  tbe^  more  ampk  sj^ppty  of  Qutnqswt 
tf!:bich  the  fibr^  meet  with  as  they  rec^'irooi  the 
trwik,  part^culwly  if  yw  Mj^ppse  a  9UB)bev  of  Ami 
lying  bp^«ont«lly  and  ^vei^ii)^  Uk^  tfee  r^iH  of 
a  citqU. 
Accidental  ^qt  the  direction  of  roots  is  so  Uahle  t9  bjs  aieefttd 
°  '  by  aq(4dp.ntal  caiu^es^  that  th#re  i^  pften  but  litt]# 
uni^roiipty  even  in  roota  of  the  same  speeios..  If 
plants  were  to  be  aown.  ia  ^  soil  of  the  same  Easily 
throughout^  perhaps  there  might  be  at  loMt  9$;wmh 
uniformity  in  the  figuiie  aiid  dir«^tiaa  of  theiir  «oot«b 
as  of  their  branches ;  but  tliia  will  seldoaa  h^ppm. 
For  if  the  root  is  injured  by  Uie  attaeka  of  iaaeets^ 
or  interrupted  by  stope»»  or  eattb  of  loodfMra 
quality,  lit  then  sends^  out  lateral  brandiea^  as  in  Ibe 
above  calces ;.  sometimes  extending  alaa^ift  toigtb  by 
fpUowing  the  direction  of  the  obatacle,  and  some* 
times  ceasing  to  elongates  md  foraiing  a  knot  at 
the  extremity.  But  where  the  soil,  has  been  loeaened 
^  digging  or  otherwise^  the  root  ganmaUy  eK* 
tends  itself  to  an  unusual  length.  TUs  Du  Hamel 
\m  illustrated  by  the  feUomng  oasea:^-^  a  treaeh 


ia  opfQfd  at  a  HOitH  <liiiaiiet  Aom  •  young  tree  tt&d 
iBMBedMtetjr  fiUdd  «p  ng^in  with  looie  eirtb^  Hm 
raotawhicbtfitor  the  tveofih  will  cctttiniie  to  iblfewtti 
4iw$ctim^Bmi  wlU  Madcwt  hut  few  latocil  farftnchea. 
Andi(F  pcit  rf  the  ti«neh  b  filled  up  with  earth  of 
a  eupetier  qoeli^yf  er  with  eardi  mixed  with  owMire, 
the  greater  nimber  «f  dimieiit  will  be  (Greeted  to 
thet  quarter.  Tme  aho  that  are  planted  by  the 
haake  of  e  rarer  eatpnd  their  brandies  chie6y  in  ^ 
diraeliatt  of  the  riwr  wkbont  sending'  out  many 
kftaml  faeavoeat;  where  the  earth  h  wry  loose  the 
reota  are  ffenerally  weiA:^  hecanae  hairing  no  obstacle 
to  overcome  they  have  extended  toan  uiidne'length. 
Hence  the  roots  of  plants  vegetatiag  in  pets,  but 
oaperiaMy  in  wvter^  are  the  weakest}  but  where 
roots  haire  some  eensidevable  obstacle  to  otemome 
th^  will  often  aequire  a  atmngth  proportioaed  <b 
tfie  diffiealty :  semetioaesthey  will  penetrate  thiobgh 
the  hapdkest  soil  to  get  at  a'  soil  more  nutritive^  asd 
sometimes  they  will  insinuate  their  fibres  iwte  the 
eaeviceff  eeen  of  walk  and  r^efcs  Which  they  will 
hm^  or  evertnm.  This  of  course  rec^uires  duieh 
time,  and  does  orach  injury  to  the  piaiit»  Aoots 
conaaqne»tly  thrive  best  in  a  soil  that  ia  neither  tee 
loeae  nor  1KX>  dense ;  but  as  die  nourisbment  whiidi 
the  root  absorbe  is  chiefly  taken  up  by  the  es^ 
tremi^,  so  the  soil  is  often  more  exhisLi^led  at  some 
distance  from  the  trunk  thi|n  immediately  arosmd  it. 

Dtt  Hamel  regards  the  small  fibres  of  the  root  Terminal 
which  absorb  the  moisture  of  the  soil  as  bein^  compared! 
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to  the  lac-  analogous  to  the  lacteals  of  the  animal  system, 
aniiMlf.  which  absorb  the  food  digested  by  the  stomach. 
Bat  at  this  rate  we  must  also  regard  the  earth  as 
being  the  stomadi  of  plants^  which  analogy,  as  I 
think,  will  not  hold  good.  For  the  root  is  rather  to 
be  regarded  as  the  month  of  the  plant,  selectiiig 
what  is  usefnl  to  nourishment  and  ngecting,  what  is 
yet  in  a  crude  and  indigestible  state ;  the  larger  por* 
tions  of  it  serving  also  to  fix  the  plant  in  the  soil  and 
to  convey  to  the  trunk  the  nourishment  absorbed 
by  the  smaller  fibres,  which  ascending  by  dfie  tabea 
of  the  alburnum,  is  thus  conveyed  to  the  leaves, 
the  digestive  organs  of  plants. 
Siid  to  die  Du  Hamcl  thinks  that  the  roots  of  plants  are 
like  W^  furnished  with  preorganized  germes  by  which  th^ 
^^^^  are  enabled  to  send  out  lateral  branches  when  eut^ 
though  the  existence  of  such  germes  is  not  proved ; 
and  affirms  that  the  extremities  of  the  fibres  of  the 
root  die  annually  like  the  leaves  of  the  trunk  and 
branches,  and  are  again  annually  renewed;  which 
last  peculiarity  Pntfe^sor  Wildenow  affirms  also  to 
be  the  fitct,*  but  without  adducing  any  evidence  by 
which  it  appears  to  be  satisfactorily  substantiated. 
On  the  contrary  Mr.  Knight,  who  has  also  made 
some  observations  on  this  subject,  says,  it  does  not 
appear  that  the  terminating  fibres  of  the  roots  of 
WDody  plants  die  annually,  though  those  of  bulbous 
toots  are  found  to  do  so.^ 

•  Princ.  of  Bot.  Eng.  Trant.  262.         +  Phil.  Trans.  1809- 
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SUBSBCnON  11. 

The  Stem.'^The  stem^  like  the  root,  or  at  least  Modeof 
the  stem  of  woody  plants^  is  also  augmented  in  UoaT^" 
width  by  the  addition  of  an  annual  layer,  and  in 
length  by  the  addition  of  an  annual  shoot  bursting   . 
irom  the  terminating  bud-    Is  the  developement  of 
the  shoot  issuing  from  the  stem  effected  in  the  same 
manner  also  ?  The  developement  of  the  shoot  from  The  new 

shoots  aog^ 

the  stem  is  not  effected  in  the  same  manner  as  that  mented  bj 
of  the  root — by  additions  to.  the  extremity  only-^suto^oo 
bi|t  by  the  intro-susoeption  of  additional  particles  ^f^^^ 
throughout  its  whole  extent,  at  least  in  its  soft  mid  ^}  ^ 

whole  CK* 

succulent  state:   the  longitudinal  extadsion  dimi-tent; 

nishing  in  pn^rtion  as  the  shoot  acquires  solidity,    - 

and  ceasing  entirely  when  the  wood  is  perfectly 

formed;   though  often  continuing  at  the  summit 

after  it  has  ceased  at  the  base;     Du  Hamel  divided 

a  shoot  of  the  Horse-chesnut  into  several  equal 

parts^  distinguished  by  coloured  varriisb;  and  on 

inspecting  it  some  time  afterwards,  found  that  all  the 

marks  were  removed  from  one  another  to  a  greater 

distance  than  at  first ;  but  on  inspecting  it  after  a 

second  interval,  he  found  that  the  upper  marks  only 

had  continued  to  increase  in  distance.    Hales  made 

a  number  of  similar  experiments  on  shoots  of  the 

Vine,  and  obtained  similar  results ;  from  which  it 

seems  to  follow,  as  Bu  Hamel  had  observed,  that 

the  extension  of  the  shpot  is  inversely  as  the  indura* 
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tion,  rapid  while  it  remains  herbaceous^  but  slow  in 
proportion  as  it  is  converted  into  wood.      Hence 
moisture  and  shade  are  the  most  fitvouraUe  to  its 
elon^^ation,  because  they  prevent  or  retard  its  in- 
duration ;  and  hence  the  small  cone  of  wood  which 
IS  formed  during  the  first  year  of  the  plant's  growth 
iDcraases  no  more  after  the  approach   of  winter. 
In  length  neither  in  height  nor  thickness.     But  the  plant  is 
tboot^      augmented  in  height  by  the  addirion  of  a  new  cone 
protruded  from  the  terminating  bud  in  the  succeed^ 
ing  springi  that  rises  to  a  certain  height  above  the 
ibrmer  cone,  which  it  invests  entirely  with  a  new 
layer  of  wood  originating  in  the  descending  proper 
jniee,  and  augmenting  the  width  of  the  trunk,  and 
is  at  last  terminated  by  a  bud  which  sends  out  a 
new  shoot  in  the  spring  following,  and  so  on  till  the 
tree  ceases  to  vegetate ;  so  that  at  the  end  of  a 
hundred  years  the  tree  has  been  augmented  in 
length  by  a  hundred  k>ngitudinal  shoots,  and  at  the 
base  by  a  hundred  layers  of  wood,  diminishing  in 
number  as  you  ascend ;  and  yet  the  trunk  is  some* 
times  augmented  in  thickness  by  the  addition  of  a 
new  layer^  after  the  shoot  has  ceased  to  elongate.* 
In  thick-       The  trunk  then  is  annually  augmented  in  length 
t^c^he  ^y  ^^^  length  of  the  terminating  shoot;  and  in 
•[»°^      dian>eter  by  twice  the  thickness  of  the  layer.    If  the 
induration  of  the  trunk  is  efliscted  slowly,  then  the 
growth  of  the  plant  is  rapid ;  and  if  it  is  efieeted 
rapidly,  then  the  growth  of  the  plant  is  alow,  as  in 

•  Phy».  dcs  Arh.  Kv.  iv,  chap.  iil. 
3 


the  Nffpectire  exaaqries  of  the  Hor te^hciiail  mi 
Baxt  Iboygh  the  giowth  end  indnration  of  the  pfaMt 
•re  she  liable  to  be  afixted  boUi  by  soil  and  ex* 
ipoaure. 

SMbetimea  the  one  aide  of  e  shoot  wttl  leniain  ia 
a  atttkfi  capable  ef  exteosioa  longer  than  the  other ; 
and  heaoe  the  tree  ia  Kable  to  become  deformed. 
But  gerdsners  eerreat;  or  prtfent  the  deformity  by 
Making  a  naoifaev  ef  oUiqUe  incisions  in  the  bail 
of  the  shoot  on  the  aide  to  which  it  is  tnclined, 
vrhieh»  by  occafioaing  an  irroptnon  of  the  ceHulac 
tiaaiiey  fovaes  k  back  again  |»  an  erect  postnre. 

At  the  lanetion  of  tlie  root  and  stem^  which  I  ThsooUw. 
hare  denooaiiiated  the  collar^  there  is  generally  to 
be  obaarred  a  sotft  of  irr^lar  and  circular  pro* 
tnbename^  aiatilar  to  that  which  ia  occasioned  by  tbe 
opeiation  of  giailing.  This  is  owing-^-first,  to 
ita  being  the  point  of  tlie  insertien  of  the  seed 
faaves'  'seaondly,  to  its  beii^  tbe  point  in  whteh 
the  ctteisions*  of  the  reota  oftM  originate^  causing  a 
ditfaatiin^  of  the  longitudinal  Abrea^-cad  lastly,  by 
the  diffbrent  degrees  of  angmentation  which  take 
plaea  iv  tbe  root  and  stem^  the  latter  augmenting 
mete  than  the  fbrtner,  and  consequently  occasion* 
iaga  bulge. 

Sach  IB  the  mode  ef  the  grow^  and  derelope^  GrawtlLof 

^^t  of  the  tmnh  of  perennial  and  woody  plants,  ^pldmi. 
ta  iHnok  there  exiata  indeed  a  8ti4king  exception  in 
thegsoWtbof  the  tronk  of  Palms.    Their  internal 
structure  has  been  already  taken  notice  6f  as  pr^ 


t 
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seating  no  concentric  or  diwrgent  layers^  and  no 
medallary  canal  but  merely  an  aasemblage  of  lar^ 
Mid  woody  fibres^  interspersed  without  order  in  a 
pulp  or  parenchyma,  softer  at  the  centre  and 
gradually  becoming  harder  as  it  approaches  the  cir- 
cumference ;  which  structure  they  possess  indeed  in 
common  with  many  animals.  But  the  grand  and 
peculiar  feature  by  which  th^  are  distingaislied 
from  all  other  plants  is  that  of  the  origin  and  mode 
of  the  annual  augmentation  <^  their  stem. 

When  the  seed  of  the  Palm-tree  germinates  it 
protrudes  a  circular  roi|  of  leaves,  or  of  ^  fronds, 
which  crowns  the  radicle,  and  is  succeeded  in  the 
following  year  by  a  similar  row  issuing  from  die 
centre  or  bosom  of  the  former  leaves,  whidi  uHi- 
mately  die  down  to  the  base.  This  process  is  oon- 
tinued  for  four  or  five  years  successively  without 
exhibiting  as  yet  any  appearance  of  a  stem,  the 
remaining  bases  of  the  leaves  or  frond  forming  by 
their  union  merely  a  sort  of  knob  or  bulb.  At  las^ 
however,  they  constitute  by  their  union  an  incipient 
stem,  as  thick  the  first  year  as  it  ever  is  after; 
which  in  the  following  year  is  augmented  in  hdght 
as  before,  and  so  on  in  succession  as  long  as  the 
plant  lives,  the  leaves  always  issuing  from  the  sum- 
mit and  crowning  the  stem  which  is  a  regular 
column,  but  decaying  at  the  end  of  the  year,  and 
leaving  circular  marks  at  their  points  of  insertion, 
which  ftirrow  the  surface  of  the  plant,  and  imjbicate 
the  years  of  its  growth. 


1^ 
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8t;BSEcn(m  iii. 

7%e  Branekes^-^The  Bntaches,  in  their  mode  of  Tlwir  on. 
gflowth  and  devoloiiaiiiaDt^  exhibit  nearly  the  tame  SrtMo.'^* 
Appearances  as  the  trunjk  from  which  thejr  issue. 
They  originate  in  a  bud^  and  form  also  a  cone  that 
consists  of  pith,  wood^  and  bark;  or  mther  they 
form  a  double  cone.  For  the  insertion  of  the 
branch  into  the  trunk  resembles  also  a  cone  whose 
base  is  at  the  circumference^  and  whose  apex  is  at 
the  centre,  at  least  if  it  is  formed  m  the  first  year  of 
the  plants  growth,  or  on  the  shoot  of  the  present 
jrear ;  but  fidling  short  of  the  centre  in  proportion 
to  the  lateness  of  its  formation^  and  number  of  in- 
tervening layers. 

Like  the  trunk  and  root  it  increases  also  in  width  Hiey  i». 


by  the  accession  of  new  layers,  and  in  length  by  S^Hraiik. 
the  addition  of  new  shoots,  at  least  in  as  much  as 
regards  its  external  portion;  exhibiting  however 
some  slight  peculiarities  in  as  £eu*  as  r^rds  its  in^ 
sertion,  the  apex  being  never  carried  nearer  to  the 
centre  than  at  the  period  of  its  first  formation,  and 
the  inserted  portion  elongating  only  in  consequence 
of  the  accumulation  of  the  new  layers  by  which  the 
diameter  of  the  trunk  is  increased.  In  its  width, 
ho^rever,  it  increases  like  the  external  portion  by 
the  addition  of  new  layers  pervading  the  alburnum 
of  the  trunk,  to  which  it  is  intimately  united  by  the 
interplexus  of  their  respective  fibres,  forming  a  firm 
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and  compact  knot^  as  may  be  seen  by  truncating  a 
stem  immediately  4iboTe  er  below  a  small  branch, 
bat  particularly  in  the  case  of  the  Fir-tree.     For 
ttie  brtmches  ^re  ndt  ibhned  merely  by  Meaoi  dT  a 
Iiorisontal  eittehsion  of  the  loiig|kadiiiel  tabet  of  tte 
fruttk^  bnf  atie  eadh  as  it  were  a  difttia^t  iadttiMa^ 
of  which  ihi  ttt^fnal  cone  is  tbd  Vftiiik,  Mftf  tte  in^ 
temal  Cbne  the  root.    HencWf  the  tHittk  is  f»  tfj^ 
bfancfa  what  the  soil  is  fo  the  pitot,  the  iottrct  6f  its 
nourishment  and  stability.    The  brancfieii  ia  ^ieir 
def^Iopfeaietft  assume  almost  A\l  tarietii!s  of  poftitkM 
from  the  reflect^  to  the  hori^ntal  and  Ufirigbt; 
bftt  the  lower  branches  of  tr^es  are  said  to  h6 
Thetrposi-  generally  parallel  to  the  su^ee  of  A^  soil  on  which 
^'        they  grow,  even  tliougti  that  surface  should  be  the 
sloping  side  of  a  hill— owing,  as  it  hsis  been  thollght, 
to  the  etolfifidtt  Of  a  greater  number  of  btids  da  the 
side  that  fofm»^  obtuae  angle  ti^th  the  soil,  in 
ednsequeifee  of  its  being  exposed  to  the  action  of  a 
petatt  mstes  of  air.* 

SUBSECTION   IV, 

T^e  Bud.'^The  Bud  which  in  the  begihntngof 
spring  is  so  very  coiilpicoua  on  the  tieeir  of  this 
cbuntry  as  to  be  obvious  M  the  most  careless  ob- 
Not  com-  server,  is  by  no  means  cotttttotk  to  all  plants,  nor  to 
^^      plants  of  all  climates ;  shrubs  in  gen^rii'I,  and  an- 
nuals universally,  are  destitute  of  bud»  as  well  as 
•■  La  I^ature  Devoille.  Dialog,  xfv. 


all  pl«Qt0  nrhotever  gixMriog  within  the  tiiopies^  the 
kaf  being  in  them  immediately  protruded  from  the 
bark.    It  i$  only  in  the  woody  plants  of  cold  clt- 
m%t»  tberefoire  that  we  are  to  look  fer  buds,  and  in 
them  no  new  part  is  added,  whether  proper  to  the 
leaf  or  flower^  without  the  interrention  of  a  bud. 
For  when  the  young  3hoot  is  prodnoed,  it  is  at  the 
same  time  famished  with  new  buds  which  are  agaiii 
extended  into  oew  shoots  in  the  following  spring ; 
and  thus  the  bud  is  to  be  regarded  as  fenning  net 
only  the  cradle  but  also  the  winter  quarters  of  the 
shoot,  ffiv  which  its  coat  of  tiled  and  glutinous 
scales  «eei&s  admirably  well  adapted.    It  is  ibuild  Where 
chiefly  jJM  the  extremity^  or  on  the  surface  of  the  *^^^    ' 
young  shoot  pr    braodi  and  but  rarely  on  the 
stem*  extiept  it  be  at  the  cottar  where  it  produces 
suckers.    It  h  alio  generated  £>r  the  most  part  in 
the  axil  qf  the  leaves^  as  may  be  seen  by  inspecting 
the  annual  shoot  of  almost  any  tree  at  random, 
thou£^  not  nnivers^ly  so ;   for  to  this  rale  there 
exists  a  curious  and  singnlar  exception  in  the  hud  of 
the  Plane4reey  which  is  generated  in  the  very  centea 
of  the  base  of  the  foat^U&j  and  is  not  cBacoverabie 
till  after  the  fall  of  the  leaf. 

But  how  are  the  buds  fimned  which  are  tfaos  Their  ori« 
devdoped?  Pliny  thought  they  were  finrmed  from  ^^^^  to 
the  pith,  but  witjiout  Educing  any  substantial  rea*  Malpighl! 
son.*     Malpigbi  thought  they  were  formed  from 

*  Medulla,    sive  ilia  vitalis  anima,  ante  se  tendit  longitudi- 
nem  impellens,  qoamdia  nodi  pervia  patet  £stula^    cam   v«ro 
VOL.  !!•  S 
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the  pith  or  cellular  tissue  which  he  regarded  as  viscera 
destined  for  the  elaboration  of  the  sap  and  protru^ 
sion  of  future  buds  ;*  but  this  opinion  has  not  been 
supported  by  subsequent  observation.    Du  Mamel 
thinks  the  exterior  scales  of  the  bud  originate  in  the 
interior  part  of  the  bark^  of  which  they  seem  to  be 
only  a  prolongation^  and  that  the  young  branch  or 
flower  contained  within  the  scales  seems  to  be  a 
prolongation  of  the  wood  and  pith  of  the  former 
year.   And  yet  this  opinion  seems  to  be  altogether 
inconsistent  with  an  opinion  which   he  also  ad- 
vances, and  by  which  he  supposes  the  buds  of  the 
plant  to  originate  in  what  he  denominates  pre- 
organized  germes,  existing  in  the  proper  juice,  and 
deposited  by  it  in  its  descent  so  as  to  pervade  the 
whole  of  the  plant.    If  these  germes  are  understood 
to  be  the  rejsult  of  the  agency  of  the  vital  principle, 
their  existence  is  not  impossible ;  though  it  must,  at 
the  same  time,  be  acknowledged  that  it  is  by  no 
means  proved.     Perhaps  the  opinion  arose  from  the 
facility  with  which  buds  are  protruded  in  given  cir- 
cumstances, in  almost  any  part  of  the,  plant.     If  a 
branch  is  lopped,  or  if  the  stem  is  truncated,  new 
buds  containing  the  rudiments  of  new  shoots  will 
soon   after   make  their  appearance  near  the  sec-^ 
tion;  so  that  they  seem  to  be  dispersed  without 
number  throughout  the  whole  extent  of  the  plant. 

repcrcuMa  juxta  nodos,  hoc  vocatur  in  vite  gemma.     Nat.  Hist, 
liv.  xvii.  chap.  21  • 
*  Anat.  Plant.  13, 
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But  the  Fir-tree  will  send  out  no  bud  at  M  if  cut 
down  near  to  the  root.  It  may  be  said  that  this  is 
merely  the  exception  to  the  rule ;  but  we  cannot^ 
after  all^  place  much  reliance  on  the  doctrine  of  pre-^ 
organized  geroies. 

Mr.  Knight  relates  an  experiment  from  which  he  According  ^ 
thinks  it  follows  that  the  buds  are  formed  from  the  Koighu 
descending  proper  juice.  He  intersected  the  run^^ 
ners  connecting  the  tubers  of  a  potatoe  with  the 
stem,  and  immersed  both  portions  in  a  decoction  of 
logwood.  The  decoction  passed  along  in  both  di-^ 
rections,  but  did  not  enter  the  stem,  because  in  that 
direction  the  communication  is  kept  up  only  by 
the  bark  through  which  the  proper  juice  descends 
from  the  leaves,  and  which  admits  not  coloured  in- 
fusions:  but  in  the  opposite  direction  it  was  found 
that  the  infojion  had  passed  through  an  elaborate 
assetiiblag!B.of  vessels  between  the  bark  and  albur^  ^ 
num,  the  ramifications  of  which  were  seen  to  ap- 
proach the  skin  at  the  base  of  the  buds,  to  which 
they  were  thoi^ht  to  convey  nourishment.^  But 
allowing  the  experiment  to  be  correct,  it  does  not 
prove  that  buds  are  formed  from  the  proper  juice  but 
only  nourished  by  it ;  as  the  experiment  must  have 
given  precisely  the  same  result  if  the  buds  had  pro* 
ceeded  from  the  pre-organized  germes  of  Du  HameK 

But  whatever  may  be  the  actual  origin  of  the  bud, 
it  is  evident  that  its  developement  does  not  take 
place  except  through  the  medium  of  the  proper 

«  PhiL  Trans.  ISOd. 
S  2  , 
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jtticet  which  has  been  elaborated  in  die  leaves  of 
preceding  buds,  and  originally  in  those  of  the  plume- 
let ;  ..as  the  young  bud  does  not  make  its  appearance 
till  the  leases  of  the  preceding  buds  have  expanded, 
and  will  not  ultimately  succeed  if  dquived  of  them 
too  soon. 

But  from  the  period  of  its  first  formation  during 
the  course  of  that  summer  to  that  of  its  final  expan- 
sion in  the  following  spring  it  continues  gradually 
and  constantly  to  augment  in  size;  its  progress 
being  visible  by  disseetion  even  in  the  course  of  the 
winter,  and  accelerated  as  the  spring  advances,  till 
at  last  its  bonds  are  loosened  and  the  scales  ex- 
panded, projtruding  both  leaf  and  flower, 
fiolbt.  JBuibg  are  so  very  similar  to  buds  both  in  their 

origin  and  developement  as  to  require  no  spedfic 
investigation.  The  parent  bulb  produces  an  oftet 
analogous  to  the  bud,  which  attains  to  maturity  about 
the  time  of  the  maturity  of  die  flower,  and  which 
finally  detaches  itself  and  forms  a  new  individual ; 
in  which  last  property  it  differs  essentially  from  the 
bud,  which  does  not  detach  itself  spontaneously, 
and  can  but  rarely  be  made  to  vegetate  if  detached 
by  art 

SUBSECTION  V. 

How  aug-  The  Ltaf. — ^When  the  leaves  burst  from  the  ex- 
panding bud,  and  even  long  before  that  period,  as  may 
be  seen  by  the  dissection  of  the  bud  in  the  winter, 
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thejr  are  complete  in  all  their  parts^-^all  the  nerves, 
and  all  the  indentations  of  the  margin,  being  dis* 
tinctly  perceptible^  at  least  l^  the  assistance  of  a 
good  glass,  together  with  the  fibres^  or  bundles  of 
fibres  connecting  the  branch  and  foot^stalk,  and 
thus  presenting  in  the  aggregate  a  miniature  repre* 
sentation  of  the  future  leaf.  Hence  it  is  obvious  that 
the  leaf,  like  the  young  shoot,  tffecU  its  final  deve* 
lopement  by  means  of  the  intro-suscqption  of  new 
particles  throughout  the  whole  of  its  dimensions: 
and  yet  this  law  of  developement  is  not  common  to 
all  leaves  whatever,  for  the  leaves  of  liliaceous  plants 
extend  chiefly  at  the  point  of  their  junction  with 
the  bulb.  This  fact  was  ascertained  by  Du  Hamd 
by  means  of  graduating  the  leaves  of  the  Hyacinth 
with  transverse  lines  of  coloured  varnish ;  the  lines 
near  the  point  of  the  leaf  maintained  their  original  and 
relative  distances,  but  the  lines  below  were  removed 
to  a  considerable  distance,  and  the  nearer  the  bulb  the 
distance  was  the  greater.  Perhaps  this  peculiarity 
of  developement  is  the  effisct  of  their  peculiarily  of 
structure,  in  being  formed  of  parallel  tubes  which 
extend  throughout  their  whole  length,  without  thos? 
transverse  and  branching  fibres  that  constitute  what 
are  called  the  nerves  of  the  leaves  of  woody  plants* 

suBsscno^  VI. 

The  Flower  and  JPnitV.— > When  the  flower  bursts  Comiikte 
from  the  expanding  bud,  and  even  long  before  that  j^^J^ 
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before  its   period,  it  is  already  complete  in  all  its  parts,  as  may 
^o  u  ion.  ^  ^^^  ^j^^  j^y  ^y^^  dissection  of  the  bud  in  winter. 

Du  Hamel,  who  dissected  the  bud  of  a  Pear-tree  in 
the  month  of  January  describes  it  as  follows ;— -The 
scales  were  from  twenty^five  to  thirty  in  number, 
enveloping  from  eight  to  ten  flowery,  attached  to  a 
common  foot-stalk  of.  half  a  line  in  length;  the 
flowers  resembled  rose-buds  set  with  hairs;    the 
stamens    were    distinguished  with  ease,    together 
with  their  anthers  which  were  white;   the  peta/s 
were  distinguished  with  some  difficulty ;    but  the 
pistils  were  not  yet  to  be  discerned.     In  the  month 
following  the  pistils  were  now  discernible,  and  the 
anthers  had  begun  to  assume  a  reddish  tinge ;  the 
ovary  was  not  perceptible  at  this  early  period,  but  it 
was  perceptible  before  the  evolution  of  the  bud.* 
Hence,  as  Grew  had  before  observed,  the  flowers 
which  are  protuded  in  the  spring  have  been  actually 
formed  in  the  preceding  year,  being  generally  of  a 
whitish  colour  till  toward  the  time  of  their  expan- 
sion>  when  the  several  parts  begin  to  assume  their 
own  peculiar  shade,  and  to  exhibit  tlieir  essential 
traits  of  character.     The  calyx  and  corolla  exhibit  a 
structure  similar  to  that  of  the  leaf.     The  stamens 
consist  merely  of  a  parenchyma  enveloped  by  a  fine 
epidermis,  but  the  filaments  are  sometimes  tubular, 
^s  in  the  Tulip,  an(l  sometimes  furnished  with  spiral 
.threads, according  to  Senebiei-;-^  though  I  have  not 

*  Phys.  dcs  Arb.  llv.  iii.  chap.  i. 
f-  Phys.  Veg.  vol,  ii.  p.  60. 
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beea  able  to  discover  them  in  any  specimens  I  have 
yet  examined.  The  pollen  is  now  capable  of  being 
distinguished  into  three  parts,  according  to  the  de^ 
acription  of  Gsertner — a  cuticle,  a  cellular  tissue^ 
and  a  parenchyma  ;-^and  the  pistil,  which  is  at  first 
merely  a  gelatinous  mass,  begins  now  to  be  distin- 
guishable into  germen,  style,  and  stigma,  the  ger- 
men  being  the  Linnaean  name  for  what  Malpighi 
calls  the  uterus,  and  Gaertner  the  ovarium. 

The  ovary  in  its  first  stage  of  growth  exhibits  also  Devdope. 
the  appearance  of  a  homogeneous  mass  of  paren-  SbAllvary. 
chyma,  without  any  division  into  distinct  parts ;  but 
in  a  more  advanced  state  it  exhibits  also  the  rudi- 
ments of  distinct  organs,    and  finally  the  embryo 
occupying  the  centre. 

The  style,  which  is  not  a  constant  part  of  the  Style, 
pistil^  originates  generally  in  the  substance  of  the 
ovary,  and  sometimes  though  rarely  in  the  recep- 
tacle; as  in  leguminous,  malvaceous,  and  rough* 
leaved  plants.  It  agrees  in  its  fabric  and  texture 
with  the  ovary  or  receptacle,  being  merely  an  ex* 
tension  of  the  one  or  the  other ;  its  vessels  commu- 
nicating with  the  ovary  from  which  it  ascends,  and 
containing  a  fluid  which  occasionally  exudes  and 
moistens  the  surface  of  the  stigma. 

The  stigma,  which  according  to  Gaortner  is  pre-  Stignuu 
sent  in  the  flower  of  all  plants  except  Aphrodites, 
originates  in  the  style  if  the  style  is  present,  and  if 
not,  in  the  upper  extremity  of  the  ovary ;  assuming 
generfilly  soipe  peculiar  figure,  and  being  sometimes 
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smooth  and  iatnetiines  hiifiid^  but  aliMyft  beset  with 
a  number  df  pores  or  papillffi  through  whkh  the 
moistening  fluid  exudes« 
Origin  of  Such  is  the  order  of  the  developement  of  the 
jSris  ac!™'  ^veral  parts  of  the  flower,  concerning  the  origin  of 
uSSsr  ^^^^  ^^^^  ***^®  ^^^  severfil  dHferent  opiniom. 
Linnaeus  ^presents  the  pistil  as  originating  in  the 
pith)  the  stamens  in  the  wood,  lind  the  oordla  ^nd 
calyx  in  the  inner  and  outer  bark  respectively :  but 
this  account  of  their  origin  though  extremely  plau- 
sible at  first  sight,  will  not  beiir  the  test  of  minute 
examination,  being  contradicted  by  the  anatomy  of 
the  parts  themselves ;  particularly  in  the  case  of 
oompound  flowers.  But  with  all  its  imperfections 
it  seems  to  have  obtained  at  least  a  partial  and  tem- 
porary celebrity,  and  to  have  been  adopted  in  sub- 
stance by  Hill,  who  refined  upon  it  indeed  very 
considerably,  describing  the  flower-cup  as  origi- 
nating in  the  outer  bark ;  the  petals  in  the  rind  and 
blea  (alburnum) ;  the  nectaries  in  the  vascular  series ; 
the  ^laments  in  the  flesh;  the  receptsicle  in  the 
eonic  clusters ;  and  the  seeds  and  capsule  in  the  pith ; 
Md  thus  amusing  the  r^der  with  the  arrangements 
of  his  own  fancy  instead  of  the  arrangements  of  the 
Divine  Mind. 
G^rtn^^  Gartner  regards  the  ovary  as  proceeding  from  the 
wood  and  bark,  in  superior  flowers ;  and  from  the 
receptacle  in  inferior  flowers. 
Knight.  Mr.  Knight  in  investigating  the  organization  of 
the  Af^le  and  Pear  endeavoured  to  ascertain  the 


origin  of  the  sefveral  parts  by  tracing  the  seterAt 
parts  6f  the  fruit«sta)k  to  their  termination.  In^  th^ 
fruit-stalk  he  thought  he  could  discover  the  pitb^ 
the  central  tubes,  spiral  tubes,  sMd  tubes  of  th« 
bark,  together  with  its  epidermis  t  and  >in  tfMohig 
them  to  their  termination  he  thought  the!  pith 
seemed  to  end  in  the  pistils ;  the  central  vesselsiill 
the  staniens,  after  diverging  round  th^  core*  and  ap«> 
proaching  again  in  the  eye  of  the  fruit ;  and  th^ 
bark  and  epidermis,  in  the  two  external  skiha.^ 
Hence 'he  infers  that  the  flower  is  a  prolongation  of 
the  pith;  wood,  ahd  bark  in  nearly  the  sstine  way  as 
Linnseus,  though  he  adduces  argufments  from*  dis-^ 
section  with  which  Linnseos  was  not  acquaint^. 
But  although  central  vessels  are  found  in  the  stamens,  - 
it  is  no  proof  that  the  stamens  are  a  prolongation  of 
the  wood,  unless  the  central  vessels  of  the  fruit-stalk 
and  common  tubes  of  the  alburnum  are  proved  to  ba 
one  and  the  same,  wbiich  remains  yet  to  be  done» 
It  seems  also  doubtful  whether  the  fruit-stalk  con^ 
tains  any  thing  that  can  be  absolutely  regarded  as 
pith ;  and  it  is  evident  from  a  veiy  little  inspection 
Ihat  the  two  external  skins  of  the  Apple,  are  not  very 
well  accounted  for  by  deriving  them  from  the  bark 
and  epidermis  of  the  fruit-stalk. 

But  another  question  of  some  considerable  im**  Nourish- 
portance  has  arisen  out  of  this  subject:  does  the^^flo^r 
flower  or  fruit  elaborate  sap  for  its  own  developement,  *****  ^""*' 
or  is  it  supplied  with  nourishment  from  the  leaf?' 
*  Phil.  Trans.  1801. 
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By  placing  small  branches  of  the  Apple^  Pearj  and 
Vine  with  blossoms  not  exfianded  in  a  decoction  of 
logwood,  Mr.  Knight  found  that  the  central  vessels 
were  cc^oured  by  the  decoction.    By  means  of  a 
similar  experiment  on  the  sume  subjects  after  the 
fruit  was  formed,  the  colouring  matter  was  traced 
through  the  mass  of  the .  fruit  to  the  base  of  the 
stamina.*     And  hence  it  appears  to  me  that  the 
flower  and  fruit  do  possess  the  power  of  elaborating 
sap  for  their  own  developement ;  since  it  seems  that 
the  sap  ascends  to  them  only  in  an  unelaborated 
state,   as  is  to  be  inferred  from  the  ascent  of  the 
coloured  decoction,  which  tubes  conveying  elaborated 
sap  do  not  seem  capable  of  admitting. 
Inferencet      Mr.  Knight  infers,  however,  from  the  foregoing 
Knigb'c.     data  that  the  blossom  is  nourished  from  tlie  albur- 
num,^ by  means,  as   I   should   suppose,  of  the 
mingling  of  the  proper  juice  which  the  alburnum 
may  be  supposed  to  contain  with  the  sap  in  its 
ascent.    There  may  perhaps  be  something  of  truth 
in  this  remark ;  but  it  is  to  be  observed  that  most 
blossoms  are  accompanied  with    a    calyx,    which 
may  be  supposed  from  its  similarity  to  the  leaf  to. 
perform   to   the    flower    or    fructification    similar 
functions  :  and  so  are  the  petals  themselves  similar 
in  structure  to  the  leaves,  and  may  perhaps  be  capa- 
ble of  performing  similar  functions.     It  may  be 
objected,  however,  to  this  opinion  that  when  the 
leaves  are  by  aqy  accident  stripped  off"  or  destroyed, 

♦  Phil.  Trans.  1805.  f  Ibid.  1805. 
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the  fruit  does  not  come  to  maturity ;  ]but  still  the 
caljnc  or  corolla  may  perform  some  peculiar  and  in* 
diapeosable  foBCtton  to  such  flowers  as  are  furnished 
with  them :  and  there  are  also  plants  in  which  the 
flower  is  completely  developed  before  ever  the  leaves 
expand ;  as  in  the  case  of  Daphne  Mexereon  and 
the  Apricot,  which  seems  to  imply  that  they  are 
capable  of  ehboniting  the'  sap  necessary  to  their  own 
developement. 

But  the  office  of  the  tubes  of  the  bark  does  not 
seem  to  have  been  ascertained   in  the  fruit-stalk, 
though  Mr.  Knight  thinks  it  cannot  be  the  same  with 
that  of  the  tubes  of  the  leaf*stalk — namely,  the  con- 
ducting of  the  returning  proper  juice  f6r  the  purpose 
of. forming  new  parts  below  ;  and  this  he  thinks*  he 
has  proved  by  the  follovring  experiment : — ^When 
the  end  of  a  shoot  of  the  Vine  immediately  above  a 
bunch  of  grapes  was  pinched  off  as  soon  as  it  had 
made  its  appearance,  and  the  leaf  opposite  allowed 
to  remain,  the  wood  below  increased  as  usual ;  but 
when  the  leaf  opposite  was  taken  off  also,  then  the 
wood  below  ceased  to  elongate,  and  remained  in 
form  and  substance  similar  to  the  fruit-stalk.    Hence 
Mr.  Knight  concludes  that  the  tubes  of  the  bark  do 
not  in  the  firuit-stalk  conduct  a  fluid  downwards  that 
is  capable  of  forming  wood  ;  and  yet,  as  it  is  likely 
that  the  motion  of  the  tubes  of  the  bark  is  m  all 
cases  retrograde,  he  supposes  that  the  function  of  the 
tubes  of  the  bark  of  the  fruit-stalk  may  be  that  of 
carrying  off  from  the  fruit  ftny  superfluous  humours 


(tSS  ANOMALIES  OF  DEV£LOPUC£NT.      CRAP.  V. 

ibnnied  i&  It  from  excess  of  humidity,  or   other 
cau^es.'*^     It  must  be  confessed  that  this  is  bat  i 
very  clumsy  contrivance  lor  the  canyii^  off  of  super* 
jBsous  humours,  which  might  be  much  more  easily 
got  rid  of  by  means  of  transpiration;  though    it 
tnusty  at  the  same  time,  be  admitted  that  we  are  but 
bad  judges  of  the  facility  with  which  nature  effecti 
ber  operations.    But  it  appears  from  an  experiment 
of  Mr.  Knight's  that  the  firuit  and  froitrstalk  do 
actually  generate- wood  in  certain  circumstances,  for 
i»e  says  expressly  that  he  succeeded  at  last  in  graft- 
ing the  fruit-stalk  of  the  Vine  on  the  leaf-«talk;  ia 
which  case  the  fruit  or  fruit-stalk  must  have  formed 
wood.^ 

But  how  are  these  two  contradictory  experiments 
to  be  reconciled  ?  Perhaps  in  the  natural  process  of 
vegetation  there  is  but  little  juice  returned  by  the 
bark  of  the  fruit-stalk ;  while  in  the  case  of  the  grafl 
it  might  have  been  an  extraordinary  effi:>rt  of  the 
vital  principle  by  which  the  part  grafted  was  adapt- 
ing itself  to  the  circumstances  in  which  it  was  placed 


CHAPTER  V. 

ANO>tALl£S   OF   VEGETABLK   D£V£1.0P£M|LMT. 

In  the^  growth  of  the  vegetable  subject  as  well  as 
in  that  of  the  animal,  it  often  happens  that  a  devia- 
tion  from  the  general  laws  of  developement  is  occa- 

•  Phil.  Trans.  1801.  f  Ibid.  1803. 
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sioned  by  the  intervention  of  some  accidental  cause ; 
or  of  3onie  cause  operating  permanently  in  certain 
aubjects.  Hence  the  anomaly  raay  regard  the  deve* 
lopement  either  oi  an  individual  or  a  qpectes^  and 
npay  occur  either  in  the  root,  stem,  branch,  leaf, 
bud,  flower,  or  fruit,  according  to  the  circumstances 
in  which  it  is  placed ;  or  it  may  afiect  the  habit, 
duration  or  physical  virtues  of  the  plant 


SECTION  I. 
The  Root. 

AccoRDiMO  to  the  general  laws  of  vegetable  do* 
velopement,  plants  of  the  same  species  are  furnished 
with  the  same  species  of  root— not  producing  at  one 
time  a  woody  or  fibrous  root,  and  at  another  time  a 
bulbous  root.  And  yet  it  is  found  that  there  are 
oases  in  which  changes  of  this  kind  do  occur* 

If  part  of  the  root  of  a  tree  planted  by  a  pond  or  tk^  fox. 
river  is  accidentally  laid  bare  on  the  side  next  the  ^^  "^' 
water,  or  if  in  the  regular  course  of  its  growth  it 
protrudes  beyond  the  bank,  so  as  to  be  now  partially 
immersed,  the  future  developement  of  the  part  is 
considerably  affected ;  for  the  root  which  was  lor* 
m^y  firm  and  woody  instead  of  augmentiog  in  the 
regular  way — that  is,  by  the  accession  of  new  layers 
insinuated  between  the  wood  and  bark  enlarging 
the  individual  mass,  divides  now  at  the  extremity 
into  innumerable  ramifications,  or  sends  out  innu* 
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memble  fibres  from   the  surface,   which   become 
again  subdivided  into  fibres,  still  more  minute^  and 
give  to  the    whole   an   appearance   something*  re- 
sembling that  of  the  tail  of  a  fox ;  which  has  accord- 
ingly been  denominated  by  Dn  Hamel  the  fox-tail 
root.     (PL  IX.  Fig.  S.)    This  anomaly  I  have  fre- 
quently observed  in  the  root  of  Willows  growing 
by  ponds,  of  which  the  main  ofl^t  has  been  about 
eighteen  inches  in  length,  and  the  terminal   and 
lateral  subdivisions  six  or  eight  inches.     Du  Hamel 
relates  an  example  of  the  same  anomaly,  which  he 
had  observed  in  the  case  of  a  root  that  had  insi- 
nuated itself  into  a  water-pipe,  where  it  increased  by 
die  sending  out  of  a  prodigious  number  of  small 
fibres,  till  at  last  it  occupied  the  whole  diameter 
of  the  pipe  and  stopped  the  current  of  the  water.  ^ 
Perhaps  the  above  anomaly  is  merely  the  result  of 
an  extraordinary  efibrt  of  the  vital  principle  to  adapt 
itself  to  the  circumstances  in  which  it  is  placed,  by 
extending  the  surface  and  multiplying  the  subdivi- 
sions of  the  root,  for  the  purpose  of  the  more  easy 
abstraction  of  the  oxygene  of  the  water, 
ftoott  that     But  sometimes  an  anomaly  takes  place  which  is 
fibrous  lie?  directly  the  reverse  of  the  above.     Tlie  Phleum 
boboot.   pratense  when  growing  in  a  moist  soil,  which  it  natu- 
rally afiects,  is  uniformly  furnished  with  a  fibrous 
root ;  but  when  growing  in  a  dry  soil,  where  it  is 
also  oflen  to  be  found,  it  is  furnished  with  a  bulbous 
foot.    The  same  is  the  case  also  with  the  Akpe- 

*  Pbys.  des  Arb.  liv.  i.  chspr  v. 
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curm  geniculatus;  which,  when  growing  in  its 
native  marshes,  protrudes  a  fibroas  root,  though 
when  growing  in- a  very,  dry  situation,  as  on  the 
top  of  a  dry  wall,  it  is  found  to  be  furnished  with 
an  ovate  and  juicy  bulb.*  This  anomaly  also 
seems  to  be  merely  the  result  of  a  provision  of 
nature  by  which  the  plant  is  endowed  with  the  cmt 
pacity  of  collecting  a  supply  of  moisture  suited  to 
existing  circumstances,  and  hence  of  adapting  itself 
to  the  soil  in  which  it  grows. 

The  roots  of  Utricularia  mimry  whidi  consist  I«adder» 
of  a  number  of  slender  and  hair-like  filaments  roou. 
exhibit  the  singular  anomaly  of  being  furnished 
with  a  multitude  of  small  and  membraneous 
bladders,  each,  containing  a  transparent  and  watery 
fluid,  and  a  small  bubble  of  air,  by  means  of 
which  the  plant  is  kept  floating  in  the  water. 

Some  perennials  present  the  anomaly  of  what  The  <!«■- 
has  been  called  the  descending  root,  which  is  at^j,*"* 
first  spindle-shaped  and  perpendicular  sending  out 
some  lateral  fibres ;  bqt  dying  at  the  lower  extre^ 
mity  in  the  course  of  the  succeeding  winter,  and 
protruding  new.  fibres  from  the  remaining  portion^ 
and  even  from  the  lower  portion  of  the  stem,  in 
the  course  of  the  following  spring,  which  by  des- 
cending into  the  soil,  draw  down  the  plant  with 
them,  so  that  part  of  what  was  formerly  stem  is 
.  now  converted  into  root     This  process  is  repeated 
everj"  year,  and  by  consequence  a  portion  of  the^ 
*  Smitti*s  Introduction,  p.  113. 
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flteiD  is  nmd^  to  d«Mend  erery  year  iato  the  earth. 
The  anomaly  may  be  axMnpUfied  in  the  roots  of 
Valeriana  dunca,  Tanacetum  vtslgarcy  aod  OjraUi 
aeetosella ;  and  will  also  account  for  the  bitten 
ami  truncated  appearance  of  ScabiMa  mccisa  at 
DevilVbit 
Anomaly       Tlie  Beet  root,  a  biennial  plant,  if  dissected 
^^^    i>rhen  about  a  year  old^  presents  the  singular  anomaly 
of  being  already  fiimished  with  from  fiire  to  eight 
distinct  and  concentric  circles  of  longitudinal  tubes 
.  or  sap  vekselsi  imbedded  at  regular  intervals  in  its 
pulp;  whereas  other  biennial  roots  form  only  an 
individttal  circle  each  year,  and  are,  consequently 
at  no  time  furnished  with  more  than  two.^ 
Miptoiy      There  are  also  some  roots  that  may  be  called 
nai^tory,  upon  a  principle  similar  to  the  fore» 
going.    If  the  stem  of  a  descending  root  happens 
to  be  creeping  or  procumbent  instead  of  being  erect, 
then  the  lateral  shoots  from  above  are  carried  for- 
ward in  the  direction  of  that  procumbency,  so  that 
in  the  course  of  a  few  years  the  plant  has  actually 
changed  its  place  by  so  much  as  the  stem  has  been 
conVjerted  into  a  root    This  is  well  ezeroi^ififid  in 
the  genus  Iris.    But  the  migratory  plant  is  perhaps 
best  exemplified  in  the  case  of  some  aquatics,  wfaidi 
have  actiially  no  fixed  habitat,  but  float  about  on 
the  surface  of  the  water  as  they  baf^n  to  be  driven 
by  the  winds,  as  in  the  case  of  the  genus  Lemna 
and  some  marine  plants. 

*  Willdcsow,  p.  260. 
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But  one  of  die  most  curkms  and  tingular  ano*  Inverted 
malies  throu^iout  the  whole  of  the  vegetable  king<* 
dom  is  that  by  which  a  plant  may  be  made  to 
grow  though  inverted,  the  root  being  tramfiirmed 
into  a  stem  and  branches;  and  the  stem  and 
branches  into  a  root.  If  the  stem  of  a  young 
Plum  or  Cheny-tree^  but  particularly  of  a  Willow, 
is  taken  in  the  autumn  and  bent  so  as  that  one  half 
of  the  top  may  be  laid  in  the  earth,  one  half  of  the 
root  being  at  the  same  time  taken  carefully  out, 
but  sheltered  at  first  from  the  cold  and  then  grar 
dvally  exposed  to  it,  and  the  remaining  part  of  the 
top  and  root  subjected  to  the  same  process  in  thel 
following  year ;  the  branches  of  the  top  will  be- 
come roots,  and  the  ramifications  of  the  root  will 
become  branches,  protruding  leaves,  flowers,  and 
fruit  in  due  season. 

But  it  has  been  already  seen  in  treating  of  the 
germination  of  the  seed,  that*  no  power  or  art  is 
capable  of  converting  the  radicle  into  the  plumelet ; 
or  the  plumelet  into  the  radicle.  How  then  is  the 
anomaly  of  the  inversion  of  the  plant  to  be  ac- 
counted for,  at  a  future  stage  of  its  growth  ?  Per* 
haps  it  may  be  accounted  for  thus.  The  embryo 
of  the  seed  is  an  individual  germe,  whose  develope* 
ment  is  necessarily  effected  in  a  determinate  man- 
ner, owing  to  its  peculiar  structure  and  oi^ganization. 
But  that  happens  to  be  by  the  descent  of  the  ra« 
dicle  into  the  earth,  and  ascent  of  the  plumelet 
into  the  air.    It  could  not^  therefore,  succeed  by' 
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yet  no  T€Brt«^urp  jrinfiifrf^  wt|oee  jd^frejffpenflot 
Qould  bffteftic^d.by  Niag  PVWP*  in  the  wrtb,  0iifc 
I^U  ^  YWA  the  qwe  witb  *P  invcrte4  pl?at ;  Ueq»ii«e 
]|3  lewe*  or  br^n|5b«s  cwt»W  buds  or  ^wnef  tk^ 
hfive  beej^  sioqMir^d  in  tbe  procwfi  ^  vegetfttiM.  Bnfc 
l\im\.tP^fP^  ^ir«  plMts  in  nHoi^Mfef  QPotoimng 
tbe  ru4ioifW<^  of  every  ^tig  neMOsary  t»  th^  per- 
fection  of  tUf5  spww,  Co4*qttently  they  cmtain 
4  part  eqwwkqt  tb  the  rwliete  of  the  moiwyQ$  wad 
e«pable  of  beiog  ooiimrt»d  into  ^  root  whm  {daoed 
ip  a  prpiier  ^tiMtim.  Now  thft  eartli  efiMs  **!«■ 
^Mt  fit^wtiooii  wd  tho  inwrt^d  pl^otgrom. 


SECTION  n. 

2%^  Stem. 

Theradi-  If  the  3tei^  of  a  tree  planted  by  ^  pqnd  or  river 
^^^  U  ao  bent  in  its  growth  as  to  qome  near  to  the  *uf- 
face  of  the  water  and  to  be  occasionally  immened 
in  it,  it  will  sometimes  send  out  from  the  under 
surface  a  multitude  of  shoots  that  will  descend  into 
the  water  and  develope  themselves  in  the  manner 
of  the  Fox-tail-root.  They  are  often  rendered  con- 
spicuous in  the  summer  by  means  of  the  subsiding 
of  the  water  from  the  under  surface  of  a  stem  that 
may  have  been  partially  immersed  iq  tho  winter^ 
such  as  that  of  Willows  overhanging  poinds  or 


difches,  and  are  produced^  no  doubt,  by  the  agency 
of  the  same  cause  that  gives  a  sunilar  figure  to  the 

iSooietiaies  it  happens  dbat  a  stem  instead  of  as-  Tbt  flau 
turning  the  cylindiical  form  cdmmon  to  the  species,  stem. 
assumes  a  compressed  and  flattened  form  similar 
to  Aie  herbage  of  the  Cactus.  Of  this  *  anomaly 
I  have  occasionally  observed .  a  specimen  in  the 
stem  of  the  Tamus  communis,  which  from  a  cj^ 
linder  of  about  a  quarter  of  an  inch  in  diameter, 
its  natuni  size  and  ahape,  was  converted  into  a  '  . 
Battened  and  oblong  production  of  about  an  inch 
in  breadth.  Bat  the  best  specimen  of  the  anomaly 
I  have  ever  met  with,  was  in  the  case  of  the  stem 
of  an  Ash-tree  (PI.  IX.  Fig.  6).  The  tree  stood 
in  a  hedge  mw  in  the  parish  of  Stow  Upland, 
Snff)ik,  and  in  the  autumn  of  )809,  seemed  to  be 
about  twelve  or  fifteen  years  of  age,  or  at  any  rate 
to  be  about  twelve  or  fifteen  feet  in  height  Of  tbb 
tree  the  top  and  perpendicular  d[>oot  which  had  in 
the  preceding  summer  extended  to  the  length  of 
twenty  inches,  was  compressed  into  a  flattened  and 
oblong  production,  fluted  on  both  sides  as  well  at 
furnished  with  some  buds,  and  of  about  an  inch  in 
breadth,  but  expanding  at  tlie  summit  to  the 
breadth  of  nearly  two  inches,  and  surmountied  with 
a  row  of  buds  of  between  twenty  and  thirty  in 
number;  the  shoot  of  the  preceding  year  having 
been  cylindrical  and  now  measuring  about  half  an 
inch  in  diameter. 

T  1 
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Accounted     Du  Hamel  accounts  for  the  anomaly  of  the  flat- 
^'  tened  stem  by  supposing  that  an  unnatural  graft 

must  have  taken  place  in  the  leaf  bud;  and  so 
united  shoots  that  would  otherwise  have  been  dis- 
tinct. But  if  shoots  should  be  thus  united  by 
means  of  an  unnatural  graft,  why  should  they  be 
compressed  or  flattened  in  their  aggregate  growth. 
Affected  Sometimes  the  stem  is  disfigured  by  accidental 
o/bunX?.  tumors  or  bunches  projecting  from  the  surface^  and 
forming  ultimately  what  are  called  knots  in  the 
wood.  They  are  very  common  in  the  Oak  and 
Eim^  and  are  produced  perhaps  by  means  of  some 
obstruction  in  the  channel  of  the  sap's  motion,  by 
which  the  vessels  become  convoluted  and  swell  up 
into  a  bunch. 

But  bunches  are  also  to  be  met  with  on  the  stem 
of  herbaceous  plants^  as  on  that  of  the  Carduus 
pratcnsis;  of  which  you  will  often  find  a  portion 
near  this  top  swollen  out  into  an  egg-shaped  or  e^ 
oblong  bunch  extending  from  an  inch  to  two  inches 
in  length  and  about  an  inch  across.  If  this  bunch 
is  cut  open  in  the  month  of  August,  it  will  be 
found  to  contain  several  large  and  white  maggots. 
It  has  consequently  been  occasioned  by  the  punc- 
ture of  the  parent  insect  depositing  its  eggs ;  but 
it  does  not  seem  to  afiect  the  general  health  of  the 
plant  Sometimes  a  number  of  trees  growing 
together  are  afiected  with  a  longitudinal  protu* 
berance  all  on  the  same  side.  This  Du  Hamel 
attributes  to  a  Coup  de  soleil  vify  or  toirost.   Some-* 
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tijiies  the  bark  of  the  stem  beooiMs  rough  anj 
scabby  and  the  wood  uoderneath  full  of  knots  and 
inequalities,  this  Du  Hamel  attributes  to  frost  also. 

Sometimes  two  or  more  contiguous  stems,  extend- The  ftid. 
ing  in  the  process  of  their  growth  till  they  meet^^ 
and  press  against  one  another,  become  incorporated 
at  length  into  one,  and  form  a  sort  of  bundle.    This 
is  what  may  be  termed  a  natural  graft,  in  opposition 
to  an  artificial  graft,  of  which  it  is  the  model  and 
protot3rpe,  the  whole  of  the  art  of  grafting  being 
founded  upon  the  capacity  inherent  in  plants  of 
uniting  together   by  the  stem,   in  given  circum* 
stances,   and  in  a  given  mode.     But  the  natural 
graft  is  always  afl^ted  by  means  of  the  union  of 
the  liber  of  the  respective  stems  composing  it;  so 
that  the  perfection  of  the  art  of  grafting  consists  in 
applying  the  liber  of  the  graft  and  stock  together 
in  such  a  manner  as  shall  the  most  facilitate  their 
incorporation.     And  hence  the  graft  will  not  suc- 
ceed unless  the  two  libers  are  brought  into  contact, 
and  closely  bound  together.     Nor  will  it  succeed 
well  unless  the  plants  ingrafted  havcssome  natural 
affinity  to  one  another,  such  as  that  subsisting  be- 
tween the  Plum,  and  Cherry ;  in  which,  and  in  all 
other  cases,  the  union  is  effected  by  means  of  a 
granular  and  herbaceous  substance  exuding  from 
between  the  wood  and  bark,  and  binding  and  ce- 
menting together  the  stock  and  graft ;  though  not 
uniting  the  former  layers  of  wood.    But  after  the 
graft  has  been  efiected,  the  new  layers  of  wood  are 
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Accounted      Du  Hamel  accounts  for  the  anomaly  of  the  flat- 
^'  tened  stem  by  supposing  diat  an  unnatural  graft 

must  have  taken  place  in  the  leaf  bud;   and  ao 
united  shoots  that  would  otherwise  have  been  dis- 
tinct.    But  if  shoots  should  be  thus  united   by 
means  of  an  unnatural  graft,  why  should  they  be 
compressed  or  flattened  in  their  aggregate  growth. 
Aflected        Sometimes  the  stem  is  disfigured  by  accidental 
o/bufld^?.  tumors  or  bunches  projecting  from  the  surface^  and 
forming  ultimately  what  are  called  knots  in  the 
wood.     They  are  very  common  in  the  Oak  and 
Elm,  and  are  produced  perhaps  by  means  of  some 
obstruction  in  the  channel  of  the  sap*s  motion,  by 
which  the  vessels  become  convoluted  and  swell  up 
into  a  bunch. 

But  bunches  are  also  to  be  met  with  on  the  stem 
of  herbaceous  plants,  as  on  that  of  the  Carduus 
pratcnsi^;  of  which  you  will  often  find  a  portion 
near  the  top  swollen  out  into  an  egg-shaped  or  egg 
oblong  bunch  extending  from  an  inch  to  two  inches 
in  length  and  about  an  inch  across.  If  this  bunch 
is  cut  open  in  the  month  of  August,  it  will  be 
found  to  contain  several  large  and  white  maggots. 
It  has  consequently  been  occasioned  by  the  punc- 
ture of  the  parent  insect  depositing  its  eggs ;  but 
it  does  not  seem  to  afiect  the  general  health  of  the 
plant.  Sometimes  a  number  of  trees  growing 
together  are  aflected  with  a  longitudinal  protu. 
berance  all  on  the  same  side:  lliis  Du  Hamel 
attributes  to  a  Coup  de  soldi  vify  or  toirost.   Some- 


times  the  bark  of  the  stem  becomes  rough  an^ 
scabby  and  the  wood  uodemeath  full  of  knots  and 
inequalities^  this  Do  Hamel  attributes  to  frost  also. 

Sometimes  two  or  iQore  contiguous  stems,  extend- The  fiitci- 
ing  in  the  process  of  their  growth  till  they  meet  ^m, 
and  press  against  one  another,  become  incorporated 
at  length  into  one,  and  form  a  sort  of  bundle.    This 
is  what  may  be  termed  a  natural  graft,  in  opposition 
to  an  artificial  graft,  of  which  it  is  the  model  and 
protot3rpe,  the  whole  of  the  art  of  grafting  being 
founded  upon  the  capacity  inherent  in  plants  of 
uniting  together   by  the  stem,   in  given  circum* 
stances,   and  in  a  given  mode.     But  the  natural 
graft  is  always  aflfected  by  means  of  the  union  of 
the  liber  of  the  respective  stems  composing  it;  so 
that  the  perfection  of  the  art  of  grafting  consists  in 
applying  the  liber  of  the  graft  and  stock  together 
in  such  a  manner  as  shall  the  most  facilitate  their 
incorporation.     And  hence  the  graft  will  not  suc- 
ceed unless  the  two  libers  are  brought  into  contact, 
and  closely  bound  together.     Nor  will  it  succeed 
well  unless  the  plants  ingrafted  haves  some  natural 
affinity  to  one  another,  such  as  that  subsisting  be- 
tween the  Plum,  and  Cherry ;  in  which,  and  in  all 
other  cases,  the  union  is  effected  by  means  of  a 
granular  and  herbaceous  substance  exuding  from 
between  the  wood  and  bark,  and  binding  and  ce- 
menting together  the  stock  and  graft ;  though  not 
uniting  the  former  layers  of  wood.    But  after  the 
graft  has  been  effected,  the  new  layers  of  wood  are 
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pr<Mici6ed  tntife  m  before  so  thit  it  19  smoetmics 
diik^lt  to  poiiil  out  ^  {)teM  of  the  grttft,  wfaicfa 
is  generatly  discov^nble^  how^f  er^  b^  ittead*  #f  « 
tumor  that  is  fortn^d  round  it. 


ffiEcnoN  m. 

The  Branch. 

ProdaciDg  If  the  branch  of  a  tree  is  situated  as  iil  the  fot^ 
{ikethoou.  g^i^g  c^^  of  the  stem,  so  as  to  be  partially  or  p6- 
riodically  immersed  in  water,  it  will  send  out  also 
the  same  sort  of  brush-like  shoots.  Like  the  stem 
it  is  also  liable  to  be  disfigured  by  bunches  or 
knots;  exhibiting,  however,  an  occadiohal  variety 
of  structure  which  I  have  not  observed  in  those  of 
the  stem.  The  variety  to  which  I  allude  seems  as 
if  formed  from  a  plexus  of  young  shoots  issuing 
from  nearly  the  same  point,  and  crossing  iii  all 
directions,  and  finally  incorporating  together  by 
means  of  a  sort  of  natural  graft.  Or  perhaps  th^ 
knot  is  first  formed,  and  then  sends  out  a  multitude 
of  shoots  all  over  its  surface,  forming  a  batch  inter- 
woven all  together,  and  exhibiting  at  st  little  dis- 
tance something  like  the  appearance  of  a  pigeon's 
With  ^  nest.  These  bunches  are  frequently  to  be  met  with 
Tnots,^*  ^^  *^®  branches  of  the  Birch-tree,  rarely  on  the 
Slow-thorn  {Pi.  IX.  Fig.  7),  and  are  known 
among  the  peasantry  of  Scotland  by  the  name  of 
witches*    knotSf      They    are   occasioned,    like  the 
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botfcben'of  tfi6  itettiy  by  ftome  6b8tnicti<n)  in  the 
(^ati)Ml  dt  the  Mtpor  proper  juice.  A  peculiar  sort  With 
t>(  knot  or  bunch  h  also  often  formed  on  thcb^^ciwtr 
btanches  of  the  l>og.fose  {PL  IX.  Fig.  Q).  The 
nucleusy  which  it  generally  from  an  inch  to  an  inch 
and  a  half  m  diameter  is  cohered  with  a  long  and 
ifvinged  shag,  first  of  a  green  and  then  of  a  purple 
colour^  presenting  the  appearance  of  a  small  bunch 
of  moss.  It  has  been  oeeasioned  like  that  of  the 
Mem  of  the  thistle^  by  the  puncture  of  an  insect 
depositing  its  eggs  ia  the  tender  shoot ;  for  if  it  is 
cut  open  abotit  the  month  of  August^  it  contains 
maggots. 

SECtlON  IV. 
The  Bud. 

fnt  regular  dev6lopement  of  the  bud  is  alsOFonning 
oflten  prevented  by  means  of  the  puncture  of  in- 
sects, and  converted  into  a  large  globular  tumor.  , 
Thid  is  very  often  dfeeted  by  a  species  of  CynipS 
that  lances  its  piercer  into  the  heart  of  the  bud 
while  yet  tender,  and  penetrates  with  its  saw  into 
the  very  pith  ;  injecting  at  the  same  time  a  drop  of 
the  corroding  liquor  contained  in  its  bag,  and  then 
laying  its  egg.  l*he  bud  beiugi^hus  wounded,  and 
the  juices  corrupted  by  the  injected  poison,  the 
circulation  is  not  only  impeded,  but  a  fermentation 
is  induced  which  bums  the  contiguous  parts  and 
changes  theif  colour.    The  eltravasated  juice  flows 


plet* 
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round  the  e^  and  is  there  accumulated  and  odd- 
verted  into  a  sort  of  spongy  lump  which  vegetates 
and  augments  till  it  forms  what  is  called  a  galL 
The  gall  thus  formed  affords  both  shelter  and  noa« 
rishment  to  the  young  maggot,  which  after  being 
converted  into  a  fly  pierces  its  enclosure  and  laonidies 
into  the  open  air. 
Oakap^        The  most  remarkable  of  such  galls   are  those 
produced    on  the  Oak-tree,   and  known  in   thi$ 
country  by  the  vulgar  name  of  Oak-apples  ;  of  the 
origin  and  growth  of  which  I  think  Malpighi  gives 
a  detailed  account,   but  of  which  I  cannot  now 
offer  any  abstract  to  the  reader,  not  being  at  present 
furnished  with  a  copy  of  his  works.     The  following 
are  some  observations  which  may  in  the  mean  time 
serve  as  a  substitute.    About  the  end  of  May,  1608, 
having  observed  upon  an  Oak-tree  some  of  the  galls  . 
in  question  (P/.  IX.  Fig.  8.)  I  had  some  of  tbem 
gathered  for  the  purpose  of  examination.     The 
largest  was  then  about  the  size  of  a  Golden  Pippin, 
soft  and  spongy  to  the  touch,  and  covered  with  a 
fine  and  glossy  epidermis  of  a  white  colour,  but 
changing  in  some  places  to  red,  and  hence  not 
much  belying  in  appearance  its  vulgar  name.    At 
its  base  it  was  furnished  with  a  number  of  scales 
or  leaves  resembling  a  calyx,  which  proved  upon 
examination  to  be  the  outer  scales  of  the  original 
bud.     On  cutting  the  gall  open  whether  by  a  lon- 
gitudinal or  transverse  section,  a  number  of  oval 
or  cyttndriqil  bodies  of  a  whitish  colour  were  found 
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to  be  imbedded  in  its  centre.    They  were  the  eggs 
of  the  insect  by  which  the  bud  had  been  punc- 
tured.    But  on   some  trees  of  the  same  species 
tl;iere  was  found  a  gall  of  a  very  different  aspect^ 
whicb^  though  nearly  of  the  same  size,  was  covered 
with  a  long  and  white  shag,  and  did  not  exhibit 
the  same  fleshy  texture  when  cut  open.     It  was 
occasioned^  however,  in  the  sftme  manner ;  the  eggs 
of  the  insect,  which  was  no  doubt  of  a  different 
species,  being  crowded  together  in  the  centre  like 
a  cluster  of  small  seeds,  united  by  the  lower  ex- 
tremity, and  covered  with  the  wool.     Having  cut 
open  some  of  both  sorts  about  the  end  of  the  month 
of  June  following,  the  maggots  were  now  distin- 
guishable in  the  former  by  the  aid  of  the  micro- 
scope, complete  in  all  their  parts  ;  and  in  the  latter 
.  each  egg  was  found  to  contain  a  fly.     On  the  ex- 
tremity of  some  of  the  branches  a  few  fragments 
of  galls  of  the  former  sort  were  still  to  be  found, 
which   seemed  to  have  stood  from  the  preceding 
summer,  and  in  which  the  holes  or  perforations 
were  still  to  be  seen  through  which  the  maggots 
or  flies  had  escaped.     The  fragments  were  quite 
charred  by  means  of  the  action  of  the  atmosphere. 

The    bud   of   the    Willow,    particularly    *&//>  Dcformi. 
Heliv,*  is  apt  also  to  be  punctured  by  insects  and  willow*^* 
converted  into  a  gall.    But  the  conversion  is  not  ^"^' 
always  complete;  and  in  this  case  the  shoot  remains 
dwarfish,  an^  the  leaves  which  are  now  protruded 
*  Smith's  Introduction^  p.  340. 
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from  nearly  the  same  point  a^satnc  somMifaing*  oi 
the  figQre  of  a  rose.  Hence  it  has  obtained  the 
common  name  of  the  Rose  Willow  ;  and  so  also  in 
the  case  of  the  Lime-tree ;  the  bud  is  often  'punc- 
tured, and  the  egg  deposited,  and  the  gall  fermed 
into  a  round  and  fleshy  substance  about  the  size  of 
a  garden  Pea,  with  a  good  deal  of  compfexton  on 
the  side  exposed  to  the  sun,  while  the  ap^  is  jet 
erowned  with  the  rudiments  of  a  leaf  or  leaves. 

The  galis  of  the  Salvia  pomtfera  formed  in  the 
above  manner  are  said  to  be  of  a  very  pleasant 
ihtvour,  and  are  esteemed  a  great  delicacy  in  eastern 
Countries.* 

SECTION  V. 
The  Leaf. 

Nai  ^Ib.     The  leaves,  like  the  buds,  are  also  frequently 
chosen  for  the  nidus  of  insects,  and  disfigured  with 
galls  or  excrescences.    But  the  most  remarkable 
gall  produced  on  the  Ic^fs  ^nd  indeed  the  most  re- 
markable and  important  of  all  galls,  is  that  which 
is  so  extremely  useful  in  the  arts  of  dyeing  and 
making  ink,  the  nut-gall  of  the  shops.     It  is  ge- 
^    nerated  on  the  leaf  of  a  species  of  Oak  that  grows 
plentifully  in  the  Levant,  and  is  so  well  known 
in  commerce  as  to  require  no  particular  description. 
It  is  occasioned   by  the  puncture  of  the   Cynips 
fuerci  foUi^  which  deposits  its  egg  in  the  substance 

♦  Willdenow,  p.  346. 


of  the  kf&f,  by  making  n  drUeiU  perforation  on  th6 

tinddr  sttr&ce.*    So  also  Tarioud  other  eitcrddcenc^ 

iire  generated  on  the  leaves  of  Odkd  of  mhet  6pf«cied. 

If  the  leaves  of  Quercus  Robuvy  or  the  commoti 

Oak  of  this  country,  are  inspected  in  the  beginning 

of  ^mnmer  they  will  often  be  found  to  be  di^gured 

by  a  small  purple  coloured  excrescence,  about  thfe 

eiage  of  a  Whortle-berry,  partly  imbedded  in  the 

parenchyma,  but  chiefly  swelling  above  the  surface. 

Having  cut  open  one  of  these  excrescences  in  the 

rnontb  of  May  I  found  it  to  consist  of  a  white  and 

glary  fluid.     And  on  inspecting  some  others  in  the 

month  of  June  foflowing,  nothing  now  remained 

but  the  shrunk  and  withered  bag  in  which  the  fluid 

t^as  contained.    I  had  not  an  opportunity  of  ob« 

serving  the  intermediate  stages;   but  it  had  nn*- 

doubtedly    been    the    nidus    of   some   species    of 

4nsQct. 

On  the  leaf  of  Sallx  alba  there  is  often  also  to  be  gau  of 
found  about  the  month  of  June  an  oblong  and  i^*  .leaf. 
glandular  tumor,  sometimes  at  the  apex,  and  some^ 
time$  about  the  middle  region,  of  about  the  size  of 
a  Pea,  assuriiing  a  reddish  appearance  with  age, 
and  a  villous  exterior,  which  if  cut  open  is  found  to 
envelope  a  single  maggot. 

On  the  leaf  of  the  Clinopodlum  vulgare  I  have  Aod  c\u 
also  found  in  the  month  of  June  a  sort  of  gall  or  Juiglire!"* 
excnerscence  of  about  the  size  of  a  Kidney  Bean, 
but  hirger  at  the  one  end,  of  a  deep  purple,  and 
♦  Withering,  vol.  ii.  p.  38S. 
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*  covered  with  a  hotiy  down.  The  skin  was  easily 
separated  from  the  nucleus,  which  when  cut  open 
was  found  to  be  of  a  firm  and  solid  consistenoe 
containing  a  m^got. 

Almost  all  leaves  indeed  are  liable  to  similar  de» 
formities  arising  from  similar  causes^  giving  them 
a  blistered,  wrinkled^  or  curled  appearance ;  and 
often  producing  disease.    But  sometimes  the  ano- 
maly consists  in  the  excess  or  deficiency  of  the 
usual  number  of  leaves  protruded  in  a  group.  Tbos 
in  the  case  of  the  TreCuilst  in  whidi  the  leaves  are 
regularly  protruded  in  trees,  you  will  often  find 
them  protruded  in  sets  of  four,  five,  or  even  six. 
This  anomaly  is  often  to  be  met  with  at  least  in  the 
case  of  the  commonly  cultivated  Clover,  in  which 
you  will  sometimes  find  also  a  set  consisting  but  of 
a  single  pair. 
Anomalict     But  the  anomaly  may  also  consist  even  in  the 
or^suTt.  jjjjj^^i  figure  of  the  leaf  itself.     Most  leaves  ex- 
hibit in  their  general  aspect  a  sort  of  compressed 
and  flattened  surface,  whatever  may  be  their  specific 
figure  ;  but  to  this  rule  there  exists  a  variety  of  ex- 
ceptions.   The  leaves  of  Asparagus  officinalis  are 
bristle-shaped  ;  the  leaves  of  Salsola  Kali  are  awl- 
shaped;    and  the   leaves  of  Allium  Cepa  are  tu- 
Exetnpli*  bular,  tapering  to  a  point.     But  one  uf  the  most 
genuTsar!  remarkable  anomalies  of  figure  is  that  which  occurs 
racenia.     jj^  jjjg  \e2cve%  of  the  gcnus  Sarraceniay  of  which 
the  lower  portion  is  tubular,  ascending  and  ap 
proaching    to    funneUhaped,    or    rather    pitcher- 
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shaped  reversed,  with  a  flattened  and  concave  limb 
attached  by  the  one  side  to  the  orifice  of  the  tube» 
and  constituting  the  upper  portion  of  the  leaf. 
Liinnseus^  who  was  acquainted  with  this  singularity 
of  structure,  accounted  for  it  by  supposing  that  it 
was  an  institution  of  nature,  meant  for  the  purpose 
of  furnishing  the  plant  with  a  supjdy  of  water, 
which  it  could  thus  catch  and  retain  in  the  leaf* 
But  as  some  species  of  the  genus  do  not  readily 
admit  water  notwithstanding  their  capacity  to  retain 
it^  this  hypothesis  is  regarded  by  Dr.  Smith  as 
being  extremely  doubtful,  who  accordingly  ofiers  a 
different  solution  founded  upon  the  following  facts. 
An  insect  of  the  S^hes  or  Ichneumon  kind  had 
been  observed  by  one  of  the  gardeners  of  the 
botanic  garden  at  Liverpool,  to  drag  several  large 
flies  to  a  leaf  of  Sarracenia  aAsnca,  and  to  force 
them  into  the  tubular  part  of  it  On  examination 
the  leaf  was  found  to  be  about  half  fllled  with 
water,  in  which  the  flies  were  now  struggling ;  the 
other  leaves  were  also  examined,  and  were  found 
crsmmed  with  dead  or  drowning  flies.  The  leaves 
of  Sarracenia  purpurea  are  said  to  exhibit  also  the 
same  phenomena,  and  seem  peculiarly  well  adapted 
to  entrap  and  confine  fiies^  by  having  the  margin 
beset  with  inverted  hairs  rendering  the  escape. of 
such  insects  as  may  have  accidentally  fallen  into 
the  watery  tube,  or  are  intentionally  forced  into  it, 
impracticable ;  so  that  the  putrid  exhalation  from 
the  dead  insects  contained  in  the  leaf  often  oflends 
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lAif  nortriUj  efen  in  pacing  naar  the  pl^iit.    Henoe 
ISir  J.  £.  Smilh  inferi  that  the  growth  of  the  plant 
)0  perhaps  beq^dted  by  mf^na  (4  the  air  evolved  bjr 
th(e  dead  flie«»  wbiah  the  water  \m  been  iatended 
tp  tempt,  aod  the  leaves  to  entrap  and  retain.^  This 
logenioua  coi\)ecture  is  op  dpubt  suffieiently  plaix^ 
^iUe  as  far  as  the  i^ant  »ay  be  affected;  but  cannot 
be  regarded  as  quite  eatiifactpry  till  such  time  as  k 
abal)  have  been  shewn  that  the  health  of  the  plant 
18  iiyured  when  insects  are  preveeted  from  approach- 
ing itt 
AndNe-      Tbe  oelebfated  Neponthes  dktilktwria  exhibits 
tfUtuiate-  &l9e  en  anomaly  similar  to  that  of  Sarraecma,  but 
^         wore  «triki|»g  if  posaJWe.    The  leaf,  which  is  iiaelf 
lanceolate^  terminates  at  the  jsummit  in  a  thread- 
shaped  pedicle  siipportiog  a  foitcber^sbaped  prooeas, 
wrmounted  with  a  tid,  and  holding  an  oi^nce  or  two 
of  a  fluid  which  appears  to  be  secreted  from  the 
leaf»  and  to  be  intended  as  a  lure  to  insects^  Hrhich 
gain  admission  either  by  the  spontaneous  opening  of 
the  lid,  or  by  forcibly  raising  it  themselves.     The 
eoosequence  is  that  they  fall  into  the  fluid  and  are 
drowned,  no  insect  being  capable  of  liviog  in   it 
exc^t  a  certain  small  squilla  or  shrimp  with  a  pro» 
tuberaut  .back,    which,    according  to  Rumphiua, 
sometimes  crawls  into  it  and  can  live  there.«f-    To 
this  plienomenon  Sir  J.  £.  Smith  applies  the  saaie 
explication  as  above,  which  is  of  courae  liable  to  the 
same  objection, 

♦  Smith's  Introduction,  p.  Ipff.  ~       f  Ibid.  p.  19/. 
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i  But  die  figure  of  the  leaf^  however  sitigblar^  is 
1  generally  the  aame  throughout  the  same  individual, 
caicept  in  the  case  of  accidental  deformity,  and  yet 
these  an  (^xeeptions  even  to  this  rule.  For  some* 
tiiDfis  the  lower  leaves  of  a  plant  are  entire  while 
the  upper  leaves  are  divided,  as  occurs  in  a  variety 
of  mountainous  plants,  such  as  Bamet,  Saxifrage, 
Anise,  Coriander ;  and  sometimes  the  lower  leaves 
are  liivided  while  ihe  upper  leaves  are  entire,  as  in 
the  case  of  a  variety  of  aquatics,  particularly  Ra^  . 
tuincHlu9  aqtuUicus,  in  whidi  the  lower  leaves  are 
cap^ry  and  immersed,  and  the  upper  leaves  flat 
and  circular,  floating  on  the  surface  of  the  water. 
But  sometimes  the  dissimilitude  of  the  leaves  is  still 
moie  remarkable.  The  Chinese  Mulberry  has  not 
two  leaves,  alike  in  form  on  the  whole  plant.  And 
laatiy,  there  are  some  plants,  as  in  the  case  of  the 
Fungi^  that  are  whdly  destitute  of  leaves,  and  hence 
eaUed  aphytlous ;  while  there  are  others,  as  in  the 
case  of  the  JPVici,  that  seem  to  be  wholly  leaf* 


SECTION  VI. 

The  Flower. 

The  principal  anomaly  relative  to  the  flowef  is 
that  by  which  one  of  its  parts  is  unduly  augmented, 
to  the  exclusion  or  diminution  of  some  of  the  rest. 
The  flower  is  then  said  to  be  luxuriant,  and  com* 
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prises  the  three  following  varieties :— the  multipli- 
cate,  the  full,  and  the  proliferous  flower. 
TheMuU      The   multiplicate    flower  is   sometimes^  though 
flower!^    rarely,  accasioned  by  an  unusual  multiplicatioii  of 
the  divisions  of  the  calyx,  as  exemplified  by  Linnsua 
in  Dianthus  Caryophyllus  and  some  of  the  Alpme 
Grasses.*     But  the  anomaly  most  generally  con- 
sists in  the  undue  multiplication  of  the  divisions  of 
the  corolla,  by  the  conversion  of  part  of  the  atameni 
into  petals,  which  is  occasionally  to  be  met  with 
both  in  monopetalous  and  polypetalous  flowers.     It 
occurs  but  seldom  however  in  flowers  growii^  in 
their  natural  state  and  habitat,  though  yoa  will  now 
and  then  meet  with  a  double  flower  even  in  such 
circumstances.  I  have  met  with  several  specimens  of 
the  Ranunculus  Acris  in  which  the  corolla  consisted 
of  a  double  row  of  petals,  even  when  growing  wild 
in  the  fields ;  but  double  flowers  are  for  the  most 
,  part  the  efiect,  and  often  also,  the  object  of  culti- 
vation. 

The  following  is  a  species  of  multiplicate  flower 
that  does  not  come  under  any  of  the  foregoing  cases, 
though  it  is  perhaps  not  altogether  a  solitary  ex*- 
ample ;  it  is  that  of  an  individual  flower  of  Pri- 
tnula  wriSj  containing  two  ovaries,  two  styles,  two 
stigmas,  and  eight  anthers  complete,  with  the 
rudiments  of  a  ninth,  and  the  calyx  and  corolla 
divided  into  nine  segments.  It  was  gathered  by 
*  Phil.  Bot.  80. 


Mrsi  &€itb  Hi  tflM  obatfch^td  of  Stow  Mari^,  Mar 
MsldoB^  BttBUi  an  the  lOtk  of  Ma^,  181^«  r 

Th6  fiAl  flo^r  is  gendrallj  deicribed  to  be  that  The  full 
-in  wHioh  the  diviaioas  0f  the  oofolla  ai^  so  multi- 
plied as  to  exelikfe  ihe  stamens  and  pistils  wbolty^ 
by  means  of  their  conver^n  into  petals;  whieh 
conversion  is  most  readily  efiected  ill  poljrpetaloils 
flowers^  suth  as  the  Tulip,  Poppy,  Pink,  and  Ra- 
nunculus;  moaopetalous  flowers  seldom  being 
found  fiilK  This  complete  metatfiorphose  is,  I 
believe,  always  the  effect  of  cuhivatioii,  ilnd  is  in- 
deed, one  of  the  prkietpal  objects  of  the  art  of  the 
florist  \  the  beauty  of  the  flower,  according  tt> 
general  estimation,  being  thus  aMieb  augmented^  in 
the  fblliiower  the  stamens  are  alvrays  e^nverted  into 
petals^  whence  we  shonld  perli^ps  infer  their  iden- 
tity of  origin*  But  the  pistil  is  often  con veHifed  into^ 
leaf,  as  may  be  seen  by  inspecting  the  flower  of 
the  double  blossomed  Cherry,  which  generally  pro- 
trodea  from  the  centre^  a  leaf  in  miniatare.  Bat  a 
flower  may  become  foil  also  by  the  multiplication  df 
the  parts  of  the  nectary,  as  is  sometimes  the  case 
ia  the  genns  AqmUgia^  which  produces  fall  flowers 
in  three  diflerent  ways,*  by  the  mnltiplication  of  the 
petals  to  the  exclusion  of  the  nectaries,  by  the  mnl*- 
tiplioation  of  the  nectaries  to  the  exclUMon  of  the 
petals,  and  by  the  multiplication  of  the  nectaries 
while  the  proper  petels  remam.  There  are  also 
tome  peculiarities  m  the  manner  in  which  com- 

•  Phil.  Bot.  so. 
VOL.  II.  U 
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pound  flowers  become  foil.  Radiated  flowers  beconM 
full  sometimes  by  the  multiplication  of  the  floecules  d 
the  ray  to  the  exclusion  of  the  floscules  of  the  diak^  as 
in  HeiianthuSy  Anthemis,  and  Centaurea  ;  and  some' 
times  by  the  multiplication  of  the  floscules  of  tin 
disk  to  the  exclusion  of  those  of  the  ray,  as  m  Ma^ 
tricaria  and  BelUs.* 
The  proli-     The  proliferous  flower  is  that  out  of  which  another 
flower  or  another  shoot  is  produced.     It  is  seldom 
found  but  in  flowers  already  full ;  irom  the  centn 
of  which,  that  is^  from  the  ovary  or  pistil^  it  8ome» 
times  happens  that  a  new  flower  and  foot-stalk  is 
produced  if  the  flower  is  simple^  as  in  the  Ramm- 
cuius,  Anemone,  and  Pink ;  or  several  flowers  and 
foot-stalks^  issuing  from  the  common  calyx^  if  the 
flower  is  compound,  as  in  the  Daisy  (7^/.  IX. 
lig.  ll.),  Hawkweed  and  Marigold;   or  a   new 
umbel  issuing  from  the  centre  of  the  original  umbel, 
if  the  flower  is  umbellate,  as  in  Comus.  Sometimes 
the  proliferous  issue  of  the  full  flower  is  not  itself  i 
flower,  but  a  shoot  furnished  with  leaves,  as  has 
been  sometimes,  though  rarely,  observed  in  the  case 
of  the  Anemone  and  Rose.^  And  hence  we  should 
perhaps  infer,  with  Du  Hamel,  the  identity  of  the 
origin  of  the  pistil  and  woody  shoot,  of  which  he 
thinks  ^the  bundles  of  woody  flbres  found  in  the 
fruit  of  the  Pear  is  also  a  presumptive  proof. ;{; 

Such  are  the  several  varieties  of  luxuriant  flowers, 
constituting  anotaialies  of  excess ;  but  it  sometimes 

♦  Phil.  Bot.  84.      t  Ibid.  82.     J  Pbys.  dei  Arb.  liv.  iii.  chap,  ii. 
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happens  that  there  is  also  in  the  flower  an  aDomaly  Anomalicf 
of  defisct  in  the  absence  of  one  of  its  parts.  lEx^  ^  ^  ^^ 
amples  of  this  sort  are  occasionally  to  be  met  with 
in  the  flowers  of  Campanula  penta^oma  and  7W- 
silago  Anandria,  in  which  the  corolla  is  altogether 
wanting^  though  proper  to  the  spedes ;  and  in  this 
case  the  flower  is  said  to  be  mutilated^ 

Sometimes  the  anomaly  consists  in  the  situation 
of  the  flower,  which  is  generally  protruded  from 
the  extremity  or  sides  of  the  branches.  But  the 
flower  of  the  Ruscus  is  protruded  from  the  surface  of 
the  leaf;  or  it  may  consist  in  the  relative  situation  of 
the  several  parts  of  the  flower.  In  simple  flowers 
the  pistil  is  invariably  central  with  regard  to  the 
stamens ;  but  in  compound  flowers  the  pistils  are 
often  situated  in  the  circumference  and  the  stamens 
in  the  centre.  Thitf  seems  to  be  the  case  atso  with 
some  monoecious  plants  having  their  flowers  on  the 
same  peduncle^  as  in  the  examples  of  the  Carex  and 
Arum,  in  which  the  stamens  are  more  central  than 
the  piatils. 

Sometimes  the  anomaly  consists  in  the  colour  of  Of  colour, 
the  corolla,  which  will  often  deviate  even  in  the 
same  species.  The  general  colour  of  the  common 
Cowslip,  Primula  veris,  is  a  bright  yellow ;  but  an 
individual  is  occasionally  to  be  met  with,  though 
very  rarely,  in  which  the  limb  or  expausion  of  the 
corolla  is  purple  with  a  line  of  yellow  around  the 
border.  A  Cowslip  answering  to  this  description 
was  gathered   by  the   Lady  Francis  Douglas,  at 
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OoUsborough'  Hall  near  KnarafiboMagh,  YqAMk, 
in  the.tpriog  of  1600.  I  ham  met  afao  with  a  aimi* 
]ar  anomaly  in  the  floHPar  of  the  Qxlip,  and  n 
various  other  flpwenL  ^ 

Id  the  sea-  SoflDetimes  the  anomaly  eenawti  in  the  tioM  oi 
ibweriDg.  flowcfdng.  The  aeaaon  proper  for  the  flowering:  of 
the  Apple  and  Pear#ti«e  is  the  aMn^  ef  May  ;  bat 
trees  of  that  sort  have  been  known  to  pratrofle  both 
bud  and  falosaom  even  in  the  month  of  Novanber. 
Some  plants,  however^  bbw  only  isi  the  winto-,  as 
is  the  case  of  die  Laurms  Twu»  and  Arhutus 
Unedo ;  whiiie  others  blow  only  in  the  night,  and 
refuse  to  expand  their  petals  to  the  light  (^tfaa  son. 
Such  is  the  case  of  the  Cactus  Grand^rus  that  pro- 
duces one  of  the  most  mi^ifioent  of  flowers,  but 
blows  only  in  the  night ;  and  is  henee  known  also 
by  t^e  appellation  of  the  Night4»loiviag  Ceretu. 

£ome  plants,  such  as  the  Feras,  Alga^  and  Fungi^ 
are  altogether  destitute  of  conspicuous  flowers ;  and 
Cryptoga-  are  hence  called  Cr^cgYMBiofM :  but  in  this  cmpect 
flowen.  the  Fig  is  perhaps  the  most  singular.  The  flowers 
which  in  other  cases  uniformly  pnecede  the  fluit,  are 
in  this  case  concealed  within  what  is  generally  de- 
nominated the  fruit;  as  may  be  proved  by  cutting 
open  a  ripe  Fig  by  means  of  a  longitudinal  aeetion 
passing  through  its  axis.  Great  numbers  of  flowen 
are  then  diseovered  lining  a  sort  of  cavity  ia  the 
axis  of  the  ituit ;  and  hence  what  is  called  the  Fig 
in  common  language  is  rather  thie  receptacle  of  the 
flower  than  any  thing  else. 

1 
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SECTION  vra. 
Habit. 

Some  plants  which,  when  placed  in  a  rich  mhI 
grow  to  a  great  height^  and  aflect  the  habit  of  a 
tree,  ard  when  placed  in  a  poor  soil,  converted  into 
dwarfish  shrubs.  This  may  be  exemplified  in  the 
case  of  the  Box-tree ;  and  so  also  in  the  case  of  her« 
baceons  plants,  as  in  that  of  Myosotis,  which  in 
dry  situations  is  but  short  and  dwarfish,  while  in 
moist  situations  it  grows  to  such  a  size  as  to  seem 
to  be  altc^ther  a  diflferent  plant.  The  habit  of  the 
plant  is  sometimes  totally  altered  by  means  of  cul- 
tivation^ the  Pyrus  satwa  when  growing  in  a 
wild  and  uncultivated  state  is  furnished  with 
strong  thorns ;  but  when  transferred  to  a  rich  and 
cultivated  soil  the  thorns  disappear.  This  phenome- 
non, which  was  observed  by  Linnaeus,  was  regarded 
as  being  equivalent  to  the  taming  of  animals.  But 
this  explication  is,  like  some  others  of  the  same 
great  botanist,  much  more  plausible  than  profound, 
in  place  of  which  Professor  Willdenow  substitutes 
the  following : — ^Tbe  thorns  protruded  in  the  uncul- 
tivated state  of  the  plant,  are  bu4p  rendered  abortive 
from  want  of  nourishment,  which  when  supplied 
with  a  sufficiency  of  nourishment*  are  converted 
into  leaves  and  branches* 
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two  Apples  or  Pears  are  developed  in  an  incorpo- 
rated state^  which  is  a  case  that  now  and  then  oc- 
curs, it  is  no  doubt  best  accounted  for  by  the  graft 
of  Du  Hamel. 

Anomalies     Sometimes  the  anomaly  consists  in  the  figure  of 
'   the  fruit  which  is  deformed  by  the  tumours  or  ex- 
crescences^ in  consequence  of  the  bite  of  insects  or 
injuries  of  weather    producing   warts,  molea,   or 
specks. 

Colour.         Sometimes  it  consists  in  the  colour^  producing 
green  Melons  and  white  Cucumbers.* 

Append-       Sometimes  it  consists  in  an  a[qpendage  of  leaves^ 

^^^  as  in  the  following  examples :«— In  the  autumn  of 
1800^  when  gathering  some  fruit  in  the  garden  of 
Rendlesham  parsonage,  I  observed  some  Pears  of 
rather  an  unusual  appearance  ;  they  had  grown  to 
nearly  the  size  of  the  species,  and  were  nearly  of 
the  usual  shape.  But  the  anomaly  consisted  in 
their  being  each  furnished  with  several  leaves  resem- 
bling the  proper  leaves  of  the  tree,  but  not  so  large, 
having  their  insertion  about  half  way  between  the 
l)a3e  and  apex  of  the  fruit,  and  growing  directly 
opt  of  the  fleshy  part  of  it,  This  anomaly,  which  I 
have  not  found  to  be  mentioned  by  any  botanist 
except  Du  Hamel,^  may  with  propriety  be  desig- 

Tbefoliat-  nate4  by  the  mime  of  the  Foliated  fruit.  {PL  IX, 

•  Phil.  Bot.  ?1S.         t  Mem.  de  FAcad.  Royal,  1755. 
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SECTION  vra. 

Habit. 

Some  plants  which,  when  placed  in  a  rich  mhI 
grow  to  a  great  height^  and  aflect  the  habit  of  a 
tree^  ard  when  placed  in  a  poor  soil,  converted  into 
dwarfish  shrubs.    This  may  be  exemplified  in  the 
case  of  the  Box-tree ;  and  so  also  in  the  case  of  her« 
baceous  plants,  as  in  that  of  Myosotis,  which  in 
dry  situations  is  but  short  and  dwarfish,  while  in 
moist  situations  it  grows  to  such  a  size  as  to  seem 
to  be  altc^tber  a  different  plant.   The  habit  of  the 
plant  is  sometimes  totally  altered  by  means  of  cul- 
tivatioR^    the  Pyrus  sativa  when  growing  in  a 
wild  and    uncultivated    state    is    furnished   with 
strong  thorns ;  but  when  transferred  to  a  rich  and 
cultivated  soil  the  thorns  disappear.  This  phenome- 
non, which  was  observed  by  Linnaeus,  was  regarded 
as  being  equivalent  to  the  taming  of  animals.    But 
this  explication  is,  like  some  others  of  the  same 
great  botanist,  much  more  plausible  than  profound^ 
in  place  of  which  Professor  Willdenow  substitutes 
the  following : — ^Tbe  thorns  protruded  in  the  uncul- 
tivatied  state  of  the  plant,  are  bu4p  rendered  abortive 
from  want  of  nourishment,  which  when  supplied 
with  a  sufficiency  of  nourishment*  are  converted 
into  leaves  and  branches* 
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SECTION  IX- 

Physical  Virtues. 

When  plants  are  removed  from  their  native  soil 
and  taken  into  a  state  of  culture^  it  alters  not  only 
their  habit  but  tjieir  physical  virtues.  Thus  the 
sour  Qrape  IS  rendered  sweety  the  bitter  Pear 
pleasant,  the  dry  Apricot  pulpy^  the  prickly  (^ttuce 
•  smooth,  and  the  s^crid  Celery  wholesome.  Pot- 
herbs, are  also  rendered  more  tender  by  pie^ns  of 
cultivation,  and  better  fitted  for  the  use  of  man ; 
and  sp  als9  are  all  our  fine  varieties  of  fruit. 

SECTION  X. 

Duration. 

Plakts  are  either  annuals,  biennials,  or  peren- 
nials, and  the  species  is  uniformly  of  the  same  class. 
But  it  has  been  found  that  some  plants  which  are 
annuals  in  a  cold  climate,  such  as  that  of  Sweden, 
will  become  perennials  in  a  hot  climate,  such  as  that 
of  the  West  Indies.  This  anomaly  has  been  ex- 
emplified in  Troposolum,  Beet-root,  and  Malva 
arborica ;  and  on  tte  contrary  some  plants,  which 
are  perennials  in  hot  climates,  are  reduced  to  annuals 
when  transplanted  into  a  cold  climate;  this  has 
been  exemplified  in  Mirabilis  and  Ricinus.^ 
•Phil. Trans.  216. 
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CHAPTER  VI. 

OF  TIU  SIXITAUTT  OF  VEGETABLES. 

The  4<x^tnne  of  the  sexuality  of  vegetables  and 
feuqdation  of  the  Linnaean  system^  though  but 
lately  established  upon  the  basis  of  logical  indue- 
tion,  is  by  no  means  a  novel  doctrine.  It  cannot, 
however^  be  said  that  the  original  notion  of  a  sexual 
distinction  as  existing  in  vegetables  was  at  all  cor- 
rect. It  was  a  conjecture  formed  at  random,  rather 
than  an  opinion  founded  upon  the  evidence  of  fact; 
which  maintained  its  ground,  however^  for  a  period 
of  many  gges,  though  wholly  unsupported  by  any 
convincing  argument,  till  at  last  the  elucidations  of 
Linnsus  established  it  beyond  a  doubt.  The  fol- 
lo^i^  brief  sketch  of  the  origin,  progress,  and 
proofs  of  the  doctrine,  from  the  earliest  notices  re» 
corded  in  history  down  to  the  present  times,  will 
furnish  the  reader  with  the  evidence  on  which  the 
above  remarks  are  founded. 


SECTION  I. 

Anticipations  of  the  Ancients. 

It  cannot  now  be  ascertained  with  whom  or  at 
what  particular  period  the  notion  of  vegetable  seiiu^t 


tut. 
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Empcdo*  ality  originated.  But  its  antiquity  is  unquestion- 
ably  great ;  as  it  appears  to  have  been  entertained 
even  among  the  original  Greeks^  from  the  antiquity 
of  their  mode  of  cultivating  Figs ;  and  to  have  been 
made  the  subject  of  die  speculations  of  some  of 
their  earliest  philosophers,  from  the  fact  of  its  having 
been  a  doctrine  taught  by  Empedocles,  that  the 
sexes  are  united  in  plants ;  a  doctrine  involved 
indeed  in  that  of  Anaxagoras  by  which  the  desires 
and  passions  of  animals  are  attributed  to  vegeta- 

Herodo-  bles.*  It  was  evidently  a  prevalent  notion  through- 
out Greece,  and  the  nations  to  the  east  of  Greece, 
in  the  time  of  Herodotus,  who  recognises  it  in  his 
account  of  the  cultivation  of  the  Phcenuv  dacty^ 
lifera  or  Babylonian  Palm  ;  which  he  represents  as 
being  cultivated  in  the  country  around  Babylon  in 
th^  manner  of  Figs,  the  cultivator  taking  the 
flower  of  that  Palm  which  the  Greeks  call  the  male 
Palm,  and  binding  it  around  the  flowers  of  the 
fruit-bearing  Palm,  that  the  fruit  may  not  fell  im- 
mature.f  Whether  the  beneficial  effect  resulting 
from  this  practice  was  produced  by  the  agency  o£ 
insects,  generated  in  the  male  plant,  as  Herodotus 
asserts,  it  is  not  our  object  at  present  to  inqmre. 
It  is  enough  to  have  ascertained  that  the  notion  of 

*  Arist.  Ili^j  fvrm,  to.  A. 

t  T0S5  ^mxfs  frmum  rpvxiy  6ipcariuouff$  to,  «  SXKx,  ttei  foivlxm. 

k-JiW,  xal  i^ii  dTTofpen  0  xofntis  0  tw  (poly/»•^  Herodot  Porsoni 

caio^isa. 
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a  sexaal  distinctioii  in  pknts  existed,  or  rather  ww 
a  general  and  prevalent  notion  in  the  age  of  Hero-i 
dotus;^  that  is  at  least  400  years  before  the  Chris- 
tian »nu 

Our  next  authori^  is  that  of  Aristotle,  who  Aristotle, 
maintains  the  doctrine  of  a  distinction  of  sex  in 
plants  as  well  as  in  animals,*  though  he  admits 
that  some  plants  are  altogether  without  sex ;  and 
represents  the  beneficial  eflfect  of  the  praetioe 
adopted  in  the  cultivation  of  the  Palm,  as  resulting 
from  the  action  of  the  dust  of  the  male  flower, 
quickening  the  maturity  of  the  fruit,  which  it  is 
said  to  effect  also  equally  well  if  it  is  but  wafted  to 
the  female  flower  by  means  of  the  wind. 

Thec^hrastus,  the  disciple  and  successor  of  Aris-  Theo- 
totle,  who  pursued  his  phjrtolc^ical  investigations ^  ^^ 
to  a  much  greater  length  than  his  master,  maintains 
also  the  doctrine  of  the  sexuality  of  vegetables, 
which  he  illustrates  with  more  of  detail^  and  exem* 
plifies  not  only  in  the  case  of  the  Palm-tree,  but  in  . 
that  also  of  the  Fig,  and  a  variety  of  others.  The 
barren  Palm  he  calls  the  male,  and  the  fruit-bearing 
Palm,  the  female;  pointing  out,  at  the  same  time, 
the  ground  of  this  distinction  as  consisting  in  the 
indispensable  necessity  of  the  co-operation  of  the 
flower  of  the  barren  Palm,  to  the  ripening  of  the 
fruit  of  the  fertile  Palm ;  the  fruit  of  the  fertile 
Palm  being  otherwise  extremely  apt  to  fall  off  before 
k  becomes  ripe.  But  if  the  spathe  of  the  male 
*  Afwl^ihws  mfi  ymff^  Zamw*  To.  A« 
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pknt  containing  the  male  flowers  is  cat  aS,  and 
shook  over  the  flowers  of  tlaie  female  plant,  the  fimit 
does  not  fiUl^  bat  is  preserved  till  it  is  mature ;  io 
which  case,  he  adds^  there  is  a  sort  of  coitu$  of  the 
male  and  female.* 

But  beyond  the  example  of  the  Date  Pahn  tad 
•Qch  other  plants  as  produce  barren  and  fertile 
ftowers  on  distinct  individuals,  Tbeophrastus  does 
not  seem  to  have  entertained  any  correct  notions  of 
yiqjetable  sexuality.  For  although  he  institnte« 
the  distinction  of  sex  in  other  genera  also^  yet  it  in 
by  no  means  on  the  same  princ^,  but  rather  vpon 
that  of  the  habit  or  aspect  of  the  ptant^  or  upon 
the  quality  of  the  timber  when  felled ;  the  male 
being  represented  as  shorter  and  stouter,  and  the 
female  as  taller  and  more  slender,  as  erroneowty 
exemplified  in  the  case  of  the  Pimss  Larir^  which 
is  well  known  to  produce  no  individuals  that  are 
exclusively  male  or  female ;  -f*  as  well  as  in  the  case 
of  the  Lime-tree,  of  which  it  is  also  added  that 
the  male  .plant  is  not  <xti[y  barren,  but  destitute  even 

*  *OTay  ivi^  TO  ippif  iTrorepLvimi  tw  OTfafcjv,  df  i$  ro  avJoj, 
bitis  fis*if  Jx*'  'WW  TB  xMov  Mm  tJ  «f9osj  xeu  roy  xovioprovy  Hotraffii- 
mm  Mara  tw  mufmw  n^  ^Aaa^  i  mSv  rcsro  wti^^  hmr^f»  na^dm 
imffdbjLEi;  ^nrm  ¥  aftfoiv  Ofx^  dj^pam  roi$  ^iiAeffi  Mhof 
ylvsa^cu  (Siixi;  yap  KoXof^-i  rw  xapifofifm)  oxx'  n  fih  im-  ^^t^^  iHi 
KotT  aTikov  rpiwov,    ITe^i  fvrm  i<rropMf.  to.  B. 

t  ^aoi  Jl  01  TripMitmhylta  xdt  ctfiapTrov  Tt  yivos  oXug  mat  irtMnij, 
aiM  T#  /Mir  j|$piy  Zpaxirtfh  tp  itai  c^f^nfipiTtpof ;  tSJi  SiXv  iBfimitr' 
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of  flowers.*  And  to  complete  the  mystery  in 
which  the  doctrine  was  yet  involved,  the  male  plant 
18,  in  some  cases,  said  to  hear  fruit  as  well  as  the 
female.*!*  From  aU  wtiich  it  follows  that  the  doc- 
trine of  vegetable  sexuality  was  but  very  imper* 
fectly  understood  in  the  time  of  Theophrastus. 

After  a  long  blank  in  the  annals  of  phjrtological  Piiny,  Di* 
research,  the  next  traces  of  inquiry  relative  to  the  ^°Gaten. 
sexoaKty  of  vegetables,  are  such  as  occur  in  the 
works  of  Pliny,  Dioscorides,  and  Oalen,  who  also 
adopted  the  division  by  which  plants  were  then  dis- 
tributed into  male  and  female;  but  chiefly  upon 
the  erroneous  principle  of  habit  or  aspect,  and 
without  any  reference  to  a  distinction  absolutely 
sexual ;  the  fertile  plant  being  sometimes  denomi- 
nated the  male,  and  the  barren  plant  the  female, 
as  in  the  example  of  male  and  female  mercury,  in 
which  the  true  notion  of  vegetable  sexuality  was 
altogether  reversed.  Pliny  seems^  however,  to 
admit  the  distinction  of  sex  in  all  plants  whatever^ 
and  quotes  the  case  of  the  Pftlm-tree  as  exhibiting 
the  most  striking  exampfe.j: 

if^90f  ItfXAf  itmiig^nfwf  ril  rig  ^kkaa^  km  h  fU9  imtfmf  jmh 
uKavSoi,  n  9i  dikaa  tm  aviog  tgffii^  910*  imf^i^.   Tii^  f  vnv  tvrtfutf^ 

TO.  r. 

f  Atot^opou  ir}Jiov5  sia-lvy  i  /mcv  xoiyi}  voffiv  i  iiMfOvo'n  ro  %}iu  mm 
TO  £pf>iVi  «y  TO  fih  xoLpvifopWj  to  h  cbtap^ov  em  rivont;  h  015  3f  i(^» 
MoLfwifopa^  r»  98\ii  xoMjumpirortp^v.     Ibid. 

X  Arboribus  imo  potius  omnibus  quae  terra  gvgnit  kerfaiiqDe 
etiam  utrumque  sexum  esse  diijgentissimi  naturae  tradunt.    lib. 
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SECTION  11. 

Discweries  of  the  Modems. 

Cssalpi*       Caesalpinus^  who  follows  next  in  order,  thoagH 
^^'        not  till  fliler  an  interval  of  many  centuries,  enters 
more  into  the  detail  of  the  doctrine,  and  speaks 
with  more  confidefice  on  the  subject  than  any  pre- 
ceding  phytologjst.    Trees  which  produce  fruit  only 
he  denominates  females;  and  trees  of  the  same 
kind  which  are  barren,  he  denominates  males  ; 
adding  thiat  the  fruit  is  found  to  be  more  abundant 
and  of  a  better  quality  where  the  males  grow  in 
the  neighbourhood  of  the  females,  which  is,  as  he 
says,  occasioned  by  certain  exhalations  from  the 
males  dispersing  themselves  all  over  the  females, 
and  by  an  operation  not  to  be  explained,  disposing 
them  to  produce  more  perfect  seed.     Still  it  seems 
doubtful   whether   any   conjecture  had    been  yet 
formed  with  regard  to  the  peculiar  and  appropriate 
organs  by  which   the  sexual   intercourse  is  con- 
Zeluzi-     ducted.    Zeluzianski,  a  native  of  Poland,  who  Jived 
about  the  end  of  the  sixteenth  century,  is  said  to 
have  made  some  considerable  discoveries  with  regard 
to  the  sexuality  of  vegetables.     But  as  his  book, 
if  he  ever  published  one,  is  not  now  to  be  met 
with,  no  one  seems  able  to  say  what  his  discoveries 
were,  if  rather  they  are  not  a  transcript  of  the  dis* 
coveries  of  Caesalpinus.* 

*  Pulteney*!  Sketches,  p.  335. 
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At  last^  however^  about  the  middle  of  the  seven- Opinioqof 
teenth  oentuiy^  when  the  improved  philosophy  of     ^^'' 
Bacon  had  begun  to  be  adopted  even  in  phytology, 
and  phytologists  to  be  directed  by  observation  and 
experiment  rather  than   by  hypothesis  and  con« 
jectare,  the  doctrine  of  the  sexes  of  plants  began 
also  to  assume   a    more   fixed    and    determinate 
character^  and  to  exhibit  the  legitimate  evidence  of 
being  founded  upon  &ct.     Still  it  is  difficult  to  say 
who  first  discovered  and  pointed  out  the  peculiar 
organs  by  which  the  sexes  are  respectively  charac- 
terized ;  not  that  these  organs  had  been  overlooked 
in  the  description  of  the  flower^  but  that  their  func- 
tions    had    been    misunderstood.    Malpighi^   who 
describes  not  only  the  stamens  and  anthers  but 
also  the  pollen  contained  in  them,  r^ards  the  for- 
mer as  excretory  organs  contributing  to  the  per* 
fection  of  the  seed,  and  the  latter  as  the  substance 
excreted.*     The  true  use  of  the  pollen,  therefore> 
was  not  yet  discovered ;  but  the  merit  of  suggesting 
its  true  use  seems  to  be  between  Sir  T.  Millingtoni  Of  Sir  T. 
Savilian  Professor  at  Oxford,  and  the  celebrated  Dr-  Jn  5^* 
Grew,  who  represents  the  suggestion  as  originating  ^^'^^' 
with  the  Professor,  and  consisting  in  the  expression 
of  an  opinion  that  the  stamens  serve  as  the  male 

*  VegetanduiDr  igitur,  uteri  gratia,  reliquse  dons  partes  folia 
scilicet,  ttamiaa  et  calyx  circumlocamur  in  fscundis  floribot* 
Anat  Plant.  55. 

Ita  determfaata  succi  portio  per  stamina  et  iiorit  folia  excer^ 
nitur.     Ibid»5& 

4 


S04  HBXuALsnr  or  vECsrurtsSft       cUAm.  vr. 

ctpm  of  the  regctable    fin-  the  porpoie  oT  the 
gentntioa  of  the  seed ;  which  opittkm  be  seems 
bimielf  to  have  prenonsly  entertuoed,  or  «t   tiie 
leMt  to  have  acqaiesoed  in  as  toon  as  it  was  aog^ 
gested.4»    This  we  maj  regard  as  the  fint  glknpse 
that  was  ever  caught  of  the  true  and  proper  tMe  of 
the  stamens^  and  may  date  at  about  the  year  ]676« 
Published.     Bttt  the  opinion,  if  not  first  suggested,  wm  at 
least  first  published  b^"  Dr.  Grew^  in  his  Ansftoo^  of 
Plants,  together  with  the  grounds  on  which  be  bad 
adopted  it,  and  ^e  illustrations  which  its  novelty 
demanded  or  his  researches  had  furnished  ;  so  that 
he  does  not  merely  ascribe  a  peculiar  function  to  the 
stamens^  but  points  out  also  the  mode  in  which  he 
thinks  that  function  is  discharged,  and  which  is  re- 
presented to  be  as  follows  :-^When  the  summits  of 
the  stamens,  or  anthers  surmounting  the  filaments, 
burst  open  in  the  process  of  vegetation,  the  inclosed 
pollen   falls  upon  the  pistil  and  impregnates  the 
embryo;  not  by  actually  entering  the  pistil,  but  by 
)  means  of  a  subtle  and  viviflc  efflwoium :  hence  the 
.  stimens  are  the  male,  and  the  pistil  or  pistils  the 
female  organs  of  vegetable  impregnation.     But  this 
was  the  very  discovery  that  fbrnished  the  clue  for 

♦  Our  learned  Savilian  Professor  Sir  T.  Millington  told  mc 

ibst  he  ooooeived  the  attire  (stamens)  doth  serre  as  tlie  roafe  for 

thsgsnsratioQ  of  the  seed.     I  immediately  replied  that  I  was  of 

the  same  opinion^  gave  him  some  reasons  for  it,  and  answered 

e  ob^BCtiODSi  which  might  oppose  them.— Grew's  Anat.  bJv. 

5. 
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thd  umrnvelKng  6f  tbi^  wbale  ctf  the  mystery  oVei« 
t  hiln^iilg  the  mihjett^  betaose  it  id  Inpialljr  applicable 
j  to  all  softs  of  vagetables  whatever^  whether  pro^ 
dociflg  the  6rgiin8  in  question  in  separate  floweta 
aftd  on  separate  plants,  as  in  the  case  of  the  Palm* 
tree ;  or  in  separate  flowers  and  on  the  same  plants 
as  in  the  case  of  the  Hazel-not^tree ;  or  lastly, 
in  the  same  flower^  as  in  the  ease  of  the  Lilj^ 
which  is  by  fkr  the  tnost  general  mode  of  Tegetable 
sexuality* 

The  opinion  of  Or^w  Ivas  adopted  also  by  Ray,  AHopted 
at  first  with  some  appearances  of  donbt,  but  finally  ^  ^' 
without  any  tort  of  reservMion^  as  beii^  fbuddM 
on  evidence  which  appeared  to  him   soflicieiitly 
conrineingy  and  wbieh  he  itas  eteH  indtioed  to 
illaetrate.*' 

Hftberto  the  doetrine  of  the  sexuality  of  Ve^ 
tables  had  been  Supported  chiefly  upon  the  ground 
of  ita  probability  its  arising  from  cateful  observation, 
or  dpon  thht  ef  the  ncxsetsity  of  the  case,  and  bad 
not  yet  beeA  confirmed  by  the  evidence  of  Actotfl 
experiment  I  but  this  (confirmation  which  was  to 
devoutly  io  be  wished^  and  without  which  M 
other  ai^Aients  mast  have  Remained  tnsufiiciefnt, 
was  nt  length  aloo  happily  undertaken.  The  fifift 
example  of  experiment  recorded  on  this  subject  is 
thai  of  Camerarios,  Professot'  of  Botany  at  Tubingen,  Expcri- 
wlio  havihg  adopted  the  opinions  of  Grew  and  Ray,  cTmer^^ 
though  without  perhaps  regarding  their  arguments  """' 

*  SjUoge  Stirpium  £urop«srutii  Prcf.  1694. 
VOL.  II.  X 
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M  the  best  that  could  be  adduced,  concrived  that 
the  subject  might  be  still  further  illustrated  by 
means  of  depriving  the  plant  of  its  male  flowcn    i 
altogether,  or  of  removing  the  individuals  oS  different    \ 
sex  to  9  distance  from  one  another.    Accordingly   1 
having  selected  some  plants  of  Mercurialit,  Morus, 
Zta  Mays,  and  Ricimu,  and  stripped  them  of  their 
stameniferous  flowers,  or  removed  the  male  plant  to 
a  great  distance  from  the  female,  he  fiwind  that  the 
fruit  did  not  now  ripen ;  the  inference  fit)m  which 
was  that  the  generation  of  plants  is  analogous  to 
that  of  animals,  and  that  the  stamens  of  the  flowers 
of  the  former  correspond  to  the  sexual  organs  of  the 
males  of  the  latter.* 

But  though  the  fcct  of  the  sexuality  of  vegetabks 
seemed  thus  unequivocally  ascertained,  the  peculiar 
•     mode  of  their  fecundation  was  still  left  undeter- 
mined.    Some  conjectures  had  been  offered  with 
Kspect  to  it  by  Casalpinus  and  Grew,  the  former 
legarding  it  as  being  eflected  by  means  of  an  exhala- 
tion from  the  male  flower;  and  the  latter,  by  means 
of  an  effluvium  from  the  pollen :  but  Morland,  who 
published  a  paper  on  the  subject  in  the  Philosophi- 
cal Transactions  for  1703,  in  which  he  ad«^  indeed 
the  opinion  of  Grew  with  regard  to  the  functions  of 
the  stamens,  contends,  however,  that  the  poUen  is  a 
congeries  of  seminal  plants,  one  of  which  at  least 
must  be  conveyed  through  the  style  into  the  ovary, 
before   it  can   become   prolific.    This   conjecture 
•  EpUtolade  Sexu  Plantarum,  \69S. 
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seems  to  have  arisen  oat  of  the  theory  of  licuweii* 
hoeck  on  animal  generation,  which  was  then  popular^ 
but  it  is  not  corroborated  by  any  experiments.  It 
seems^  however^  to  have  had  the  effect  of  keeping 
alive  the  discussion  of  the  subject ;  for  Geofiroy,  in  CM'Cteofs* 
his  memoir  presented  to  the  Royal  Academy  of  ^^* 
Sciences  in  171  Ij  on  the  structure  and  use  of  the 
principal  parts  of  flowers^  endeavours^  as  it  appears^ 
to  reconcile  the  discordant  theories  of  Grew  and 
Morland;  and  maintains  that  the  -germ  is  never 
visible  in  the  seed  till  the  anthers  have  shed  their 
pollen :  adding,  that  if  the  stamens  are  cut  off  before 
the  anthers  burst,  the  seeds  remain  barren*  In  this 
we  have  a  step  in  advance  beyond  the  point  that  had 
been  gained  by  means  of  the  experiments  of  Came* 
rarius,  which  relate  only  to  monoecious  and  dioecious 
plants,  in  which  the  proof  is  less  difficult  than  in 
hermaphrodites,  to  which   Geoffroy^s  experiments 

apply- 

From  the  spirit  of  inquiry  that  was  thus  excited 
new  discoveries  could  not  but  be  expected  to  follow ; 
for  although  th^  doctrine  was  discountenanced  and 
rejected  by  some  of  the  leading  botanists  of  the  time, 
and  even  by  the  illustrious  Tournefort,  yet  it  was  too 
well  established  in  fact  to  be  overthrown  by  any  ar* 
gument  or  any  authority.  Accordingly  its  evidence 
was  becoming  every  day  more  irresistible,  and  its 
advocates  more  confident.  Vaillant,  in  a  dissertation  or  VaiU 
on  the  structure  of  flowers  read  at  the  opening  of  the 

X  2 
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Royal  (Jardeh   dt  Paris  in    iUfy    stipports    the 
doctrihe  df  the  itexte  of  Vegetables  by  hew  ^cessions 
df  expferithkht^  and  throws  additional  elucidation 
bbth  oh  the  ilructurfe  df  the  pollen  and  inanner  of 
its  ejtpld^ibri ;  iVhich  hd  represents  indeed  in  terms 
tbb  glbWihg  fot-  the  style  of  sober  narrative,  but  by 
tf  hich  he  a^peai^  accbrding  to  the  remarks  of  d  co- 
leAdporary  iluthbr^  to  have  beeh  the  first  eye-witness 
of  that  secret  bpetiation  of  natute — ^the  sport  that 
pa^se^  between  the  flowers  of  plieitits  in  the  mys- 
terious process  of  Vegetable  getiehttion. 

But  ttie  doctrine  bf  the  seted  of  vegetables.  Which 
was  thus  dtiily  acquiring  hew  accessions  of  proof, 
irks  destined  to  receive  its  last  degree  of  elucidation 
Of  LiQ-  fVbhi  the  ^etl  6f  Lihnseu^.  lliis  great  and  illustrious 
bbtdnist,  i-eVlewing  Urith  his  Usiial  sagacity  the  evi- 
deribe  oh  t^rHifch  the  doetrine  rested^  and  perceiving 
ihdt  it  Wds  supported  i)y  a  multiplicy  of  the  most 
incontrovertible  facts,  resolved  to  devote  his  labours 
peculiarly  to  the  investigation  of  the  subject^  and 
id  J)rosebute  his  inquiries  throughout  the  whole 
eitfeht  of  the  Veg^etable  kingdom  ;  which  great  and 
artlUoiii  ehterprize  he  hot  only  undertook  but  ac- 
cbnlplisfaed  With  k  Siiccess  equal  to  the  unexampled 
industry  with  which  he  pursued  it.  So  that  by 
collecting  into  one  body  all  the  evidence  of  former 
discbVery  or  experiment,  and  by  adding  much  that 
Was  original  of  his  own,  he  found  himself  at  length 
authbri^d  to  draw  the  important  conclusion — that 
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no  see4  i9  perfected  without  th^  previous  aj^ncy  of 
t]ie  pojlep^  apd  the  doctrine  of  the  ^exef  of  plants  is 
iOiK^Ei^^qu^ntly  fouujded  in  &ct* 


SEPTIQN  m. 
Induction  of  Particular  Proofs. 

The  evidence  on  which  the  above  jconclusion  d^* 
pends  is  substantially  comprised  in  the  follpwing 
brief  induction  of  particulars^-first^  as  resoking 
from  observation ;  and  secondly^  as  resulting  fronv 
expertmeiit. 

BUBSSCnOV  I. 

Qfffjfrvatfon  l  .-^lo  all  plants  hitherto  dispovered  From  tht 

it  has  been  observed  that  the  fruit  is  unifonply  ^^^^^^ 

preceded  by  the  blossom  ;  and  that  without  blossom 

thiere  is  no  fruit.    This  is  a  remark  that  can  scarcely 

fail  (o  be  made  even  by  the  most  inattentive  observer^ 

at  least  with  regard  to  such  plants  as  come  within 

the  .sphere  of  Ijis  notice ;  as  every  schpol-boy  knows 

thfkt  unlesp  the  Cherry-tree  blos^ms  in  the  spring, 

lye  ^\\\  lather  no  fruit  from  it  in  the  summer.  This 

proves  that  the  org^n^  necessary  tp  the  production 

of  the  fruit  exist  in  the  flov^er ;  and  is  one  step  at 

least  toivards  the  genenul  conclusion.    But  to  this 

rule  th^re  exists  a  seeming  exception  in  the  case  of 

t^?  (f^ffbiiffitlf  autftmnalf,  which  produces.  its.fruit 
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in  the  spring  and  its  flower  in  the  autumn,  so  that 
the  former  has  the  appearance  of  being  the  cause  of 
the  latter;  but  the  truth  is  that  the  frui^   ivhich 
ripens  in  the  spring,    is  the  natural  result  of  the 
flower  of  the  preceding  autumn^  and  not  the  cause 
of  the  flower  of  the  following  autumn :  for  if  the 
flower  is  cut  off  in  the  autumn,  before  its  expansioD, 
you  will  have  no  fruit  in  the  succeeding  spring; 
and  yet  if  the  fruit  is  cut  off  any  time  in    the 
spring)   you  will  still  have  blossom  in  the  foUowing 
autumn. 

Inhere  exists  also  another  seeming  exception  in 
the  case  of  the  Pine  apple,  in  which  the  part  that  is 
commonly  called  the  fruit  is  formed  before  the  flower 
expands ;  but  when  it  is  recollected  that  this  alleged 
fruit  is  merely  a  fleshy  receptacle,  and  that  the  seed, 
the  only  essential  part  of  the  fruit,  is  not  developed 
till  after  the  expansion  of  the  Qower,  the  seeming 
exception  vanishes. 
FioRithe       Obs.  2. — ^The  fruit  bearing  individuals  of  such 
tton  of*"    species  as  have  their  barren  aqd  fertile  flowers  on 
piS2?"*    distinct  plants  do  not  perfect  their  fruit  except  where 
individuals  of  both  sorts  are  sustained  in  the  vicinity 
of  one  another.     This  observation  is  confirmed  not 
only  ty  the  testimony  of  the  ancients,  and  their 
manner  of  cultivating  the  Palm  and  Fig-tree,  but 
also  by  the  additional  observations  of  the  modems. 
Father  Labat,  a  French  ecclesiastic,  who  had  under- 
taken a  voyage  to  the  West  Indian  islands  about 
the  year  J  74  5,  says  that  when  he  was  in  the  island 
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of  Martinique  there  was  then  growing  near  the 
monastery  of  the  order  to  which  he  belonged^  a 
female  Date-tree^  which  bore  fruit  thou^  single, 
there  being  no  other  tree  of  the  same  species  within 
two  leagues  of  it ;  but  he  adds  that  the  stones  of  the 
Dates  it  produced  did  not  germinate :  it  is  plain, 
therefore,  that  the  fruit  was  not  perfect^  though  it 
might  have  been  externally  complete.  A  female 
plant  of  the  Cycas  revoluta,  in  the  possession  of  the 
Bishop  of  Winchester^  produced  also  fruit  though 
single;  but  the  drupe^  which  was  externally  and 
apparently  complete^  was  found  when  dissected  by 
Sir  J.  £.  Smith  to  be  internally  very  defective :  for  in 
place  of  the  embryo^  the  most  important  part  of  the 
whole,  all  that  could  be  discovered  was  only  a 
minute  cavity^  which  defect  Sir  J.  £.  Smith  rightly 
attributes  to  the  want  of  the  vicinity  of  a  plant  fur- 
nished with  male  flowers ;  which  he  adds  was,  per- 
haps, not  to  be  found  nearer  than  Japan.* 

The  fruit  then  is  perfected  by  means  of  some 
substance  conveyed  from  the  barren  to  the  fertile 
flower,  and  capable,  as  it  appears,  of  being  trans* 
mitted  through  the  medium  of  the  atmosphere,  if 
the  respective  plants  are  situated  in  the  vicinity  of  ' 
each  other. 

But  in  the  case  of  the  Fig-tree  vicinity  is  not 
even  enough,  the  structure  of  the  fruit  being  such  as 
to  require  a  peculiar  mode  of  transmission ;  for  the 
•  Trans.  Lio.  Soc.  voU  y'u 


jfrilitof  rtie  pig  18  nofc  aI  in  P0«*  (Other  «»8iw*  »  penV 
earp  enveloping  t^  m4,  bqt  a  opfpni^n  cslyw  W 
fciceptack  pnplo^Rg  (he  ^vKfr^  c  chip  aiajr  Iff  nw^jl j 
p«pB  hy  iQPPans  c^  pyttiiiga  %  in  t>fp  if)  thf  4irep^p9 
9f  «1m»  }4M»gitu4iPi^  asii9  of  ^e  ^{iit«  in  the  amV»  9f 
jfhipfa  th.c^e  will  fa^  fo«nd  a  c^ity  Jip^d  wit^  » 
fpuUituds  of  flpw?r9,  tb«  m^le  (ind  feqiale  blpnyoppf 
bsing  generally  p^  4iferen^  Figf  »nd  OB  difliBCt 
plants,  and  thp  P)«divffi  pf  0PW(D«Ai4!S|tiaa  between 
U^m  heing  only  a  vmM  ppeF^re  »( die  summit  of 
tho  r?(»ptapl«,    Hsn^e  tb^  mum  <4  th«  ^bafi«BC« 
ppcQ8§ary  to  iiaopf^nHtion  i#  re»4^«d  i9pr{K?tiiWh)« 
in  the  ordinary  n^ode  of  tiian^misision.    Suit;  qait«c9 
i^  not  without  a  resource  @v«h  ir  fhi^  4i&w\tyi  fyf 
yfi  Qfsece  and  Iitaly,  and  (hp  i4»n^  M^ogwg  *» 
thpna,  the  mtive  pountry  of  Fi«9,  a  ajwiw  pf  imf^ 
of  the  gepus  Cyoipe,  which  i^  ^pA^ioHpUy  flwiitcmig 
ahont  from  Fig  to  Fig  f«r  jthe  iwrpow  pf  d«{K»iti«« 
its  eggs  in  tbp  cavity,  carrinnj^  Wihstefi«»  ]Mi9eMai7 
to  iwpragnation  from  the  maJp  Ip  tbp  ^«»if  O^wer. 
Bill  th«  substanae  which  it  ^arri^p  ia  Ih^  poUm  pf 
the  anUiers,  with  which  it  bepop)^  pOfieM  aU  wpr 
}p  rummaging  t^rpugh  »  vanity  of  r^^p^ef  tiU  i^ 
fiA^  opp  to  pka«p  it.    The  poUm  th§^  i»  Ihs  8»^ 
stance  by  which  the  impregnation  of  th»  ffiS^ 
ftnver  ia  effepted;  »nd  the  whpje  of  tii^  pbwpwpna 
pf  tf)e  growth  and  eeonomy  pf  A»\v«rf  jl^^da  to  fwv 
robomte  the  fitot.    In  Italy  wi  thp  Id^i^a«|^  <vj)ef^ 
the  Fig  is  much  CBltivaljjd,  |hp  pulttvator  ensures  or 


l9fiUita|M  lb?  «epRcy  of  ibfi  »flfPl  bjr  pp^t^tiDg  i^ 
to  ^6  $^g  «l  t))f  fiimi  pii^imr  fsr  pippr^n^i^Qn ;  ft^g 
tb9  nmvo  hf  ^6  peifpfiqp  is  (^]\ei  Qapr)6p«tipa, 

<PA».  3."-Jf  the  ftMiWi  pr  pistiln  are  ol^}i^i>a|«d 
})jr  lO^UiYptlQI)*  or  ii]g»K4  by  f%m  Pr  ^t,  ctr  by  t^ 
o^ftf^^  pf  My  p^b^BT  99ltuni)  @»qf$>  ^  prpfus^ti  <^iq|r 
pp^gpatipa  M  iaterrppte^  pr  $r(^entf4$  fin4  ^be  fruit 
4ftisiioi»M  pr  <]iwi9»9b«4  in  qvwtily  Pr  qtwlity. 

$PHIietJR)es  t^  arp  wbolly  pblj^eivtefl  by  fR»a»  From  in- 
of  <£uHJV9Jtipii,  fi«  in  the  (B»9p  of  (ioiible  Aowen  i  'm^d^utdu 
whipb  thp  stamens  ^fgeaei^  intP  pptftls,  ftn4  tb§  J,"",*"  *" 
pis^U  not  ^nfTpqmviiy  iotp  » leaf;  bpt  in  thisvciu^ 
It  i»  wpll  knfiwn  ttot  »P  Jtewpr  prpdii^s  p^rfs«t 
seed,  ^metif^s  tbsy  acf  ipjercid  by  acpi^n^ 
erijsiQg  fiuffi  vrmtimti»4  mw  in  f«^  vpgset^lmiis 
9re  ll)e  PQfl  «9fvipfl^b^  for  thp  £09^  <^  oit»*  p»r^ 
cql^rjy  «n  ^f^  pf  (niqi  i^i(  fom^  99r|»  pf  g«MO 
fu^p  mncji  inpv9  Ii*lblP  0  bp  ii^fpd  by  mpb  »«? |r 
idpfttK  tbaa  ¥tbpH  :-wCr»pf  9f  rf^,  f«f  i«a»pl0.  «W 
mpcb  mow  Ii?WB  to  ^  ji^ijirefl  by  b«8yy  «>#  ppiit 
tinup4  wifts  thfin  <oi5j^8  pf  9»0ey>  beiEffDep  «b» 
«pib^  QS9  Mfer  shpltprpd  by  4ti#  topics  pf  ^ 
Jftttfir  t^an  pf  tl)p  fpfinpr.  j|9$  fh^ebs  4^  itrpe»  V9 
4i9Ptie(i  19  ^  sgffip  mm»»r  w  tb?  plptHs  npw  ipom*- 
tipp94,  lit  vTAs  iotlw$)nr«4  by  J^)iin?Ptis  liMt  lihp 
,^W»f^  piWiJpSW  htvqrm  &errip«  io  lS«r«f]«o  if  thp 
flPWWng  f«BM9Ji  is  w«f ;  *n4  f^a|  tbe  CbprryHvee  iy 
mw^  W  U»blp  to  ppqtip  absfi  of  i|«  «qQiu^  prop 
!tbai»  ikf  Pw-frpe,  bpcawe  IP  tbe  {vjttcgr  $he  blpfr 
»P9ip  3af§  JwfeM«^  m4  il><?  Hmrpw  jm4  pw^i}* 
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matured  all  about  the  same  period^  so  that  the  whole 
of  them  might  be  blasted  by  the  dews  or  frosts  of  a 
single  night ;  whereas  in  the  former  the  blosaoms 
are  unfolded^  and  the  stamens  and  pistils  matured^ 
by  gradual  and  successive  steps,  so  that  if  part  of 
them  should  happen  to  be  destroyed  by  the  occur- 
rence of  a  frosty   morning,  the  rest  may  escape. 
But  the  fruit  is  equally  blasted  whether  the  injury 
is  done  to  the  stamens  or  to  the-  pistil ;  the  stamens 
being  the  organs  in  which  the  impregnating  sub- 
stance is  contained,  and  the  pistil  being  the  channel 
through  which  it  is  conveyed  to  the  ovary.     Hence 
we  may  account  for  the  peculiar  care  with  which 
these  organs  have  been  guarded  by  the  hand  of 
nature  from  external  injury :  sometimes  this  is  effected 
by  means  of  a  nodding  or  pendant  flower,  as  in  the 
case  of  the  Crown  Imperial  and  Cowslip,  in  which 
the  intention  of  nature  is  the  more  evident  in  that 
the  flower-stalk  after  the  time  of  flowering  becomes 
gradually  erect,  even  though  loaded  with  fruit; 
sometimes  it  is  efiected  by  means  of  a  capacity  in- 
herent in  the  petals  of  folding  themselves  together 
in  the  night  and  opening  themselves  out  again  in 
the  morning,  as  in  the  case  of  many  of  the  Pigri- 
UonaceoUs  and  Compound  flowers,  particularly  the 
Pea  and  Dandelion.     But  one  of  the  best  examples 
of  this  capacity  is  that  of  the  Nymphaa  alba  of 
Linnaeus,  which  closing  its  petals  as  the  sun  begins 
to  get  low,  and  shrinking  into  itself,  reposes  its 
lovely  blossom  upon  the  surface  of  the  water  till  the 
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morning,  when  it  again  rears  its  head,  sometimes  to 
the  height  of  several  inches,  and  presents  its  ex- 
panded petals  to  the  cnlminating  snn.  A  pheno- 
menon still  more  singular  is  related  by  Theo- 
phrastus  as  occurring  in  what  he  calls  the  Lotus, 
perhaps  the  Nymp/uea  Lotus  of  Linnaeus ;  of  which 
he  says,  though  only  on  report,  that  in  the 
Euphrates  the  flower  keeps  sinking  till  midnight, 
when  it  again  begins  to  ascend,  but  more  rapidly  as 
day-advances,  elevating  itself  to  the  surface  about 
sun-rise,  and  afterwards  expanding  and  rearing  its 
head  high  above  the  water.*  Some  flowers  are  so 
very  susceptible  to  changes  of  atmosphere  as  to  shut 
up  their  petals  even  upon  the  approach  of  rain. 
One  of  the  most  remarkable  examples  of  this  sort  is 
that  of  the  Anagallis  arvensis,  or  Poor  Man's 
Weather-glass,  which  appellation  it  seems  to  have 
obtained  from  its  peculiar  susceptibility,  always 
shutting  up  its  blossoms  even  upon  the  slightest 
symptoms  of  approaching  rain,  except  in  the  case 
of  a  sudden  thunder-storm,  when  it  happens  to  be 
taken  by  surprise :  but  Sir  J.  E.  Smith  says  he  has 
reason  to  think  that  its  susceptibility  is  apt  to  be 
impaired,  and  sometimes  totally  destroyed  by  long 
continued  wet;*f*  and  Linnaeus  remarks  that  flowers 
in  general  lose  this  sus(;eiptibility  when  the  anthers 
have  discharged  their  pollen. 

Obs.  4.-^The  pollen  is  generally  discharged  from  From  the 
the  anther  in  such  a  manner  as  to  ensure  its  dis-Jf  ii^e^i. 
♦  Theoph.  106.  Aldi.  t  Introduction,  p.  529*         .  ^*^' 
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persiw*  *t  Ie»rt  to  ^ny  piptjl  tfja^  i^  JM^j^r  it,  ^pid  at 
;»upl)  »  t\m  M  mti^^  ^f  ^^  $^W^  species  ^re  be^t 
fit^4  (to  fecejve  it.  Whei>  jtbp  ftnther  \m  gH^«»  ja- 
4ic^tion«  of  mutarity  by  t|ie  ^istpRiJpd  f^i^e^f^p/cp 
pf  )ts  cell? ;  the  valves  qf  yy hj/ch  ll^P  f^lk  cpu^ift 
bescpfpe  daily  pipre  »pd  Riprp  in4wc4ted  tiU  %^  Iftst 
Ujey  fly  open  wi^b  a  8u4deij  jerk,  mm4  discbarge  tj)p 
confined  pollen  as  if  by  tbe  fprce  pf  f»)[)  eL^tic 
i^priqgp  Tbp  ph^ffomeaoa  e^biJ^^i*^  i»  Ibis  cas^  by 
jtbe  f!ypre^9-tree  aflbrfls  a  gppd  e^apiplp,  in  wt^icb 
l^e  pollen  ^  tbfY)wp  put  vyi^b  ^^^^  ^Fce  and  in 
Wch  abuq^apce  fis  to  resemble  a  ^ttle  pii^ud  of 
fIfpoH? ;  \fnt>  tbe  sam^  pbeqoffieppp  n^^y  be  obs^yed 
in  tbe  discbar^  of  ^e  ppllen  frpqn  the  nial|s  catkii^ 
qf  tl)e  pirpb  w4  WA\(iW9  pjurjioj^fly  if  Ifepy 
fife  9pdden)y  fbakep  or  i^gitjut^d  by  tbe  w}ftd ;  jn 
^b^cb  ft»«ef  a  pprtion  of  th^  poUei)  w)  ^fmvely 
fj^l  ;^9  aliglff;  i^ppq  the  pistil-bearipg  iM^d  cQnpgmu^s 
#ower^i  Of  tp  bie  iv^ed  (o  tb^W  ^f  ^VI^P  &^  Y^^^ 

3ut  ^t  thp  seasQi^  of  the  discharge  of  thje  mf^tiii^p 
l^llei^^  ^e  pistil  i§  alec  pecMliarly  f^ptp]te4  tg  re- 
pf  iv@  it^  a^  i^  pyidpnt  from  the  state  of  the  stigma. 
Spflietinjues  tliis  fulapt^tion  Qonsi^ts  ip  the  stigma's 
tfeep  assuming  ^  peculiar  fora^  pr  shape^  a^  piay  be 
#;^aipli,fie4  in  tbe  case  of  tbe  Qr^fiola^  Martyma, 
and  Viola  tricolor  or  Papsy,  fl)  pf  lyhich  ^e  ^« 
pisbed  m^  wh|ut  botanists  icall  a  gaping  ^tigpsii 
jppi^nipg  Af  if  ^o  receive  t^p  pollen,  yet  not  \n  1^ 
fairly  stpge  of  it^  groivth,  nor  during  its  d^plin^ ;  but 
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in  th^  ititeirdl^dlaie  fctdge  duly,  tvheh  the  pollen  il 
rip^.     But  the  ddaptdtibh  generally  cobsist^  iri  the 
stigtnai  teiUg  then  moist^tied  with  an  fetuditig  and 
l^iscobs  fltlM ;  eifccejlt  in  the  c^se  of  ^  hispid  stigittk 
in  lYhich  ho  duch  (ixndatiotl  is  diicoVersLbte,  as  ri 
peculiarly  well    exemplified  in  the    ck^t  of   th(t 
jintafyllis  fdrmosissirna.      This    beautiful    fidWer, 
tvhich  ithen  fulfy  exjiatided  i^  penddlous^  ekhibitii 
the  curious  phenomenon  of  the  eXbditig  of  a  fin6 
and  limpid  fluid  frdm  the  surface  of  th^  stigma 
c\iBry  morning,  Tfrhicti  a\igroents  as  the  day  advaticielSi 
and  forms  about  nodn  a  drop  So  large  that  oiA 
Would  think  it  in  danger  of  falling  to  the  ground. 
tt  is  re-abforbed^  however^  by  the  style  ibout  thti^ 
dr  fotiir  o^cfock  in  the  afiteVnoon,  and  again  prd^ 
frud^d  dbdut  teti  o^clock  on  the  following  morning. 
Hiis  ilm|)id  di-op,  iVhich  ,is  thus  regularly  exuded 
and  absorbed^  is  intended  no  doubt  in  the  economy 
of  the  floWer  to  facilitate  the  process  of  impregna- 
tiott,  by  caching  ^  ^portion  of  the  pollen  as  it  is  disi . 
chiil'ged  fh)iti  the  anther,  and  conducting  it  to  th6 
o\^ij.    tt  is  at  least  certain  that  the  pollen  reachds 
it,  &hd  is  detained  by  it ;  as  a  number  of  drenched 
and  disfigui'ed  t)aVtic}es  may  generally  be  S6eh  ad- 
hering to  the  surface  of  the  sligtna,  after  the  dVop 
has  h^eti  absorbed.    PeHiajps  it  niay  ev&n  have  soitard 
effect  ih  forwarding  the   explosion  of  the  pdllen, 
which   is  known  to  be  aUo  Strdngty  e£%ctdd  by 
ihdlstui'e. 
AS  the  staihens  and  pistils  grow  and  c6me  t« 
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maturity  together^  so  they  also  decay  together ;  the 
stamens  shrinkiqg  and  withering  immediately  after 
the  anthers  have  discharged  their  pollen,  and 
the  stigma  withering  also  and  falling  off  much  about 
the  same  time,  even  when  the  style  remains  an  ap- 
pendi^e  to  the  fruit. 
From  the  Obs.  5. — ^The  relative  proportion^  situation,  and 
5fS^"*  mutual  sympathies,  of  the  stamens  and  pistils  are 


^^  .  .^^such  as  seem  expressly  calculated  to  facilitate  the 
process  of  impregnation.  In  pendulous  flowers  the 
pistil  is  generally  longest^  as  in  the  case  of  the  Lily  ; 
but  in  upright  flowers  the  stamens  are  generally  the 
longest^  as  in  the  case  of  the  Ranunculus.  In  simple 
and  hermaphrodite  flowers  the  situation  of  the  pistil 
is  invariably  central  with  regard  to  that  of  the 
stamens^  as  may  be  seen  by  inspecting  almost  any 
flower  at  random.  In  plants  of  the  class  Momecia, 
the  barren  blossoms  stand  generally  above  £he  fertile 
blossoms,  even  when  situated  on  the  same  foot-stalk, 
as  may  be  seen  in  the  case  of  the  Carex  and  Arum. 
And  in  plants  that  have  their  barren  and  fertile 
flowers  on  distinct  individuals^  the  blossom  is  gene- 
rally protruded  before  the  leaves  expand.  But  a 
very  little  reflection  will  serve  to  show  that  all  the 
above  arguments  are  institutions  of  nature,  by  which 
the  pollen,  when  it  explodes  from  its  envelopes, 
shall  possess  the  best  possible  chance  of  coming  into 
oontact  with  the  pistil  or  stigma. 

And  where  such  means  are  wanting,  nature  dis- 
plays a  variety  of  other  contrivances  to  eflfect  the 
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same  end.  Tbe  style  df  the  Gloriosa  superba  is 
bent  towards  tbe  stamens  at  a  right  angle  even  from 
the  very  base^  and  for  no  other  eonceivable  purpose 
but  that  of  throwing  itself  in  the  way  of  the  pollen 
when  discharged.  The  stamens  of  the  genus  SaofP' 
fraga  bend  down  to  the  pistil^  one  or  two  at  a  time; 
if  twoy  the  two  opposite^  and  discharge  their  pollen 
directly  over  the  stigma^  returning  afterwards  to 
their  former  position  and  giving  place  to  one  or  two 
others  successively^  which  also  retire  in  their  turns, 
till  all  of  them  have  discharged  their  pollen.* 
Similar  phenomena  have  been  observed  in  the 
flowers  of  Pamassia,  Celosia,  garden  Rue,  and 
others. 

But  the  most  singular  phenomenon  of  this  kind 
18  that  which  is  exhibited  in  the  stamens  of  the 
flower  of  the  Berberry  Bush ;  the  stamens  which 
are  six  in  number  lie  sheltered  under  the  concave 
tips  of  the  petals  as  long  as  they  are  allowed  to  re- 
main undisturbed;  but  if  any  extraneous  body^ 
whether  by  accident  or  design,  is  made  to  touch  a 
stamen  at  the  base  of  the  filament^  it  immediately 
collapses  with  a  sudded  jerk  and  bends  inward  till 
the  anther  strikes  against  the  summit  of  the  pistil^ 
discharging  its  pollen  if  ripe,  and  again  retiring. 
This  curious  and  singular  fact  seems  to  have  been 
first  discovered  by  Sir  J.  E.  Smith^f  of  the  truth  of  which 
any  one  may  easily  satisfy  himself  by  applying  the 
point  o(  any  instrument  sufficiently  deliwte  to  the 
•  WitteriDg,  vol.  i.  p.  ^9.  +  PhiJ.  Traiw.  17S8. 


)*D^l^  iMtt  ^  ih«  baM  of  a  stlnnefi ;  it  will   iin- 
medlBtBly  sirring  fefward  till  it  Itrikds  tgttm^t  tbe 
friitih    Wh^ifM  it  18  to  be  pre«lnft«d  tfatft  the  cfleet 
U  (rfken  f}fodue«d  i^  the  dfctofat  order  df  thingi^  hf 
iM%ft6s  of  the  ^1  or  trunks  6f  inMsto  rttmtD^ibg* 
the  f}(yk6r  hi  qM^t  of  honey. 
From  the      Oh.  6»'^The  eeotiemy  of  mitiy  of  the  aqumtics 
^qu^L.  ^eAi^  iiko  etpr^ftly  intended  to  iacilitate  the  proee^ 
bf  iApf^n§fiOfi#    Muny  planks  of  this  elasft  that 
i^gttUife  fbf  tbe  mtfH  part  i^hoily  immersed  in  water, 
And  Oft^n  at  d  dOtisiderable  depths  g^ditelly  be^n 
f6  eletate  th^ir  ststni  as  the  season  of  flowering 
iidfane^s  wh^n  they  a4  list  rear  thei»  hteds  above 
the  surface  of  the  water,  and  present  their  opening 
blos^otoj  to  th«  sun^  ^U  the  petals  have  begun  to 
Ade,  ivhen  threy  again  g^radually  sink  ddwn  to  tbe 
bottom  to  fip6n  arid  to  sotv  their  seeds^    This  vei^ 
JKsCdliar  eck)notny  ihay  be  exemplified  in  tbe  case 
of  Ruppkt  Mafitimttj  and  several  speeiet  of  Pota- 
legist  on  ^HothOion  ineuf  [ionds  dnd  ditches;  from 
whii6h  \te  May  fairiy  infe^  that  thd  flowers  risi  thus 
f6  the  surfite  tnei'cly  to  give  the  pollen  ad  opportot 
i^ty  df  KAchiffg  the  stigifia  nmnjured. 

dtt  the  Idoftt  ftffiiafkdble  exampld  of  this  kind 
h  thM  of  the  ViHmeHu  spiralis,  a  plant  tiiat  grows 
in  the  dtlili^  of  Italy.  The  plarit  is  of  the  chis 
Dimis,  prodncing  it^  fei'tile  flowers  on  the  eitn^- 
ifilty  of  a  long  and  sletider  stalk  twisted  spirally 
like  It  6tirk-screw,  whioh  uncoiling  of  its  own  bo- 
cotA$  aboat  tbe  time  of  the  opening  of  the  bloBsom, 
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elevates  the  flowers  to  the  surface  of  the  water,  and 
leaves  them  to  expand  in  the  open  air.  The  barren 
flowers  are  produced  in  great  numbers  upon  short 
upright  stalks  issuing  from  a  difierent  root,  from 
which  they  detach  themselves  about  the  time  of 
the  expansion  of  the  female  blossom,  mounting  up 
like  little  air  bubbles,  and  suddenly  expanding 
when  they  reach  the  surface,  where  they  float  about 
in  great  numbers  among  the  female  blossoms,  and 
oflen  cling  to  them  in  clusters  so  as  to  cover  them 
entirely ;  thus  bringing  the  stamens  and  pistils  into 
immediate  contact,  and  giving  the  anthers  an  op 
porttinity  of  discharging  their  pollen  immediately 
over  the  stigma.  When  this  operation  has  been 
performed,  the  now  uncoiled  stalk  of  the  female 
plant  begins  again  to  resume  its  original  and  spiral 
form,*and  gradually  sinks  down  as  it  gradually  rose,  » 
to  ripen  its  fruit  at  the  bottom  of  the  water. 


SUBSECTION  \U 

Experiments. — ^The  above  are  the  proofs  of  the 
sexuality  of  vegetables,  arising  from  the  observation 
of  the  natural  phenomena  exhibited  in  the  economy 
of  flowers.  It  remains  now  to  exhibit  such  proofs 
as  arise  from  experiment. 

Experiinent   1.— If  the  anthers  of  an  herma-Thean- 
phrodite  flower,  or  the  stameniferous  flowers  of  ajjj!^^^ 
monoecious  plant,  are  cut  off  before  they  shed  their  jjj|^*** 
pollen,  and  care  taken  to  prevent  the  access  of  the 
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poUen  of  any  other  plant  of  the  tame  species,  the 
fruit  will  prove  abortive.  From  a  flower  of  the 
CheUdoman  cormculatum^  or  red-horned  Poppj, 
which  was  detached  from  all  other  individuals  of 
the  same  species,  Linnaeus  removed  all  the  anthers 
upon  the  first  opening  of  the  blossom^  and  stripped 
off  at  the  same  time  all  the  rest  of  the  flowers  ;  but 
the  result  of  the  experiment  was  that  the  flower  pro* 
duoed  no  seed. 

A  gardener  who  cultivated  Melons  and  Cocom* 
bersy  but  was  no  botanist,  thinking  that  the  sta« 
'  meniferous  flowers  of  the  plant  only  exhausted  the 
nourishment  due  to  the  other  flowers  without  being 
of  any  utility  in  tiiemselves,  fancied  diat  his  plants 
would  be  rendered  more  vigorous  and  his  fruit  of 
superior  flavour,  and  his  profits  consequently  in^ 
creased,  by  means  of  tearing  them  off  altogether.  But, 
like  the  boy  who  cut  open  his  goose  that  bid  golden 
eggs  in  the  hope  of  getting  rich  all  at  once,  he  soon 
found  cause  to  repent  of  his  rash  experiment ;  for 
the  consequence  was  that  his  plants  produced  no 
fruit. 
Soppiied  Exper.  1. — If  after  the  anthers  have  been  re- 
puStoS^ moved,  as  in  the  foregoing  experiment,  the  pollen 
the  nme  ^f  another  plant  of  the  same  species  is  shook  over 
the  pistil,  then  the  fruit  will  still  ripen.  This  Lin- 
nsBus  proved  by  first  treating  a  flower  of  the  CAefi- 
danum  comicuiatum  as  in  the  foregoing  experiment, 
and  dien  sprinkling  over  the  pistil  pollen  borrowed 
from  aaother  plant  of  the  same  species.  The  flower 
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produeed  perfect  seeds.  Upon  this  principle  gar- 
deners noinr  assist  the  impregnation^  or  what  they 
call  the  setting  of  the  fruity  at  least  in  the  case  of 
their  Melons  and  Cucombers^  by  means  of  sprink- 
ling the  pollen  of  the  male  flowers  over  the  pistils 
of  the  females.  But  if  a  plant  has  more  than  one 
piattU  ^^^  you  apply  the  pollen  only  to  that  oncy 
then  that  one  only  will  ripen  seed. 

E^r.  3««~If  the  stigma  of  the  pistil  is  cut  offThestig- 
befiMre  the  discharge  of  the  poll^^  no  fecundation '"^^"^^  ' 
ensues ;  and  the  fruU  is  inferior  both  in  quantity  and 
quality.  Of  Ibis  experiment  I  have  not  been  able 
to  procure  the  proper  examples :  but  it  shows  that  it 
is  by  no  means  a  matter  of  indifierence  to  what  part 
of  the  pistil  the  pollen  is  applied ;  for  unless  it 
enti^  by  the  stigma  it  cannot  be  conveyed  to  the 
ovary. 

Ejpper.  4.-^If  the  stigma  of  a  flower  that  has  Sprinkled 
been  stripped  of  its  stamens  before  the  bursting  of  j^n  from* 
the  anthers  is  ^rinkled  with  the  pollen  erf  a  plant  different  * 
of  a  difierent  species^  then  the  seeds  will  not  only  •v^^^- 
ripen  and  produce  perfect  plants  when  sown^  but 
these  plants  will  partake  of  the  qualities  both  of  the 
fecundating  and  fecundated  species.    The  pollen  of 
the  Tragopogon  pratensis,  whose  petals  are  yellow^ 
when  sprinkled  on  the  stigmas  of  the  flower  of  the 
Tragopogon  purpureuSj  whose  petals  are  purple, 
yielded  seeds  that  produced  plants  with  both  purple 
and  yellow  flowers.     Hence  botanists  account  for 
the  existence  of  what  are  called  spurious  plants,  at* 
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tributing  them  to  the  accidental  intermixture  or 
access  of  the  pollen  of  a  different  species.  Thus 
Veronica  spuria  is  thought  to  have  sprung  from 
Veronica  maritima^  impregnated  by  the  pollen  of 
Verbena  officinalis;  agreeing  in  its  fructification 
with  the  former,  and  in  its  leaves  with  the  latter. 
So  also  Delphinum  hybridum  is  thought  to  have 
sprung  from  Delphinum  elatum  and  Acomtum  Na- 
pellusj  by  its  combining  together  the  features  of 
both.  But  this  spurious  impregnation  seems  to  be 
confined  within  very  narrow  limits^  and  takes  place 
only  among  plants  that  are  nearly  related  by  natural 
affinity. 
A  male  Ejsper.  5.— »If  a  male  plant  is  placed  in  the  vici- 
frodno^,  nity  of  a  female  plant  which,  irom  its  having  been 
^^  ^*io  ft^'D^c^'^y  insulated,  had  produced  no  perfect  seed ; 
a  disttnce.  or  if  the  pollen  of  a  male  plant  of  the  same  species 
is  conveyed  to  it  from  a  distance  and  sprinkled  over 
the  stigma,  it  will  now  produce  perfect  seed.  A  plant 
of  the  Datisca  Cannabina,  which  came  up  in  the  gar- 
den  of  Linn?eus  from  seed  about  the  year  1750,  and 
which  produced  afterwards  many  flowers,  yielded 
however  no  perfect  seed^  as  the  flowers  happened  to 
be  all  female ;  a  few  perfect  seeds  were  now  pro* 
cured  and  sown  with  a  view  to  raise  some  male 
plants^  but  still  they  were  all  female.  At  last, 
however,  in  1757  a  parcel  of  seed  was  procured, 
from  which  a  few  male  plants  were  obtained  that 
flowered  in  the  following  year.  They  were  removed 
to  a  distance  from  the  females,  and    when  their 
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flowers  were  ready  to  discharge  the  pollen^  it  was 
collected  by  means  of  shaking  the  panicle  with  the 
finger  over  a  piece  of  paper,  till  the  paper  was 
covered  with  a  fine  yellow  powder.  The  pollen 
thus  obtained  was  immediately  carried  to  the  female 
plants,  which  were  growing  in  another  part  of  the 
garden,  and  sprinkled  over  them ;  in  consequence  of 
which  they  now  produced  perfect  seeds. 

But  the  best  example  of  this  kind  yet  exhibited 
is  that  of  the  &mous  experiment  of  Linnaeus  upon 
the  Berlin  and  Leipsic  Palms.  About  the  period  of 
the  foregoing  experiment,  or  rather  a  few  years  prior 
to  it,  there  grew  at  Berlin  an  individual  female 
Palm-tree  which  had  never  perfected  any  fruit,  so  as 
that  the  seeds  would  germinate ;  while  there  grew 
at  the  same  time,  at  Leipsic,  a  male  plant  of  the 
same  species.  Hence  it  occurred  to  Linnaeus  that 
the  impregnation  of  the  female  flowers  of  the  former 
was  still  practicable,  even  by  means  of  the  pollen  that 
might  be  procured  and  carried  from  the  male  flowers 
of  the  latter.  Accordingly  a  flowering  branch  of  the 
male  plant  was  dispatched  by  post  from  Leipsic  to 
Berlin,  a  distance  of  twenty  German  miles,  and 
shook  or  suspended  over  the  flowers  of  the  female 
plant.  The  consequence  was  that  the  fruit  was 
ripened  and  the  embryo  perfected,  and  young  plants  ^ 

raised  from  the  seed. 

Exper.  6. — If  the  male  plant  is  again  removed  The  mak 
from  the  vicinity  of  the  female  plant  to  which  it  ^[S^ 
had  given  fecundity,  the  fruit  of  the  female  plant  is  ^^^^' 
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again  produced  imperfect  as  before.     Aboat  the 
year  1755,  there  grew  in  the  garden  of  M.  De  la 
Serre,  at  Paris,  a  female  Pislachio-tree  which  bloa* 
flomed  every  summer,  but  without  producing  any 
fruit  capable  of  germinating ;  as  M.  De  la  Serre  had 
frequently  sown  the  seeds  it  yielded  in  the  hope  of 
raising  more  plants,  though  without  success.     At 
last,   however,    he  was   advised  by   Bernard   De 
Jussieu  and  Du  Hamel  to  endeavour  to  procure  a 
male  plant  and  place  it  near  it !  accordingly  a  male 
plant  was  procured  in  the  following  year,  full   of 
flowers,  and  placed  near  the  female  ;  the  result  being, 
as  in  other  cases  of  a  similar  kind,  that  the  seed  now 
produced  was  capable  of  germinating  when  sown. 
But  when  the  male  plant  was  afterwards  removed, 
the  fruit  of  the  female  plant  was  found  to  be  again 
incapable  of  germinating  as  before.* 

In  the  month  of  April,  175^^  Linnaeus  sowed  a 
few  grains  of  Hemp*seed  in  two  different  pots,  in 
both  of  which  it  came  up  very  well.  In  the  one  pot  he 
lefl  the  male  and  female  plants  together,  which  flower* 
ed  and  produced  fruit  that  was  ripe  in  July  ;  from  the 
other  pot  be  removed  all  the  male  plants  as  soon  as 
they  could  be  distinguished  from  the  females,  which 
grew  indeed  very  well  and  presented  their  long  pis* 
tils  in  great  abundance,  as  if  in  expectation  of  their 
mates.  But  when  the  calyxes  were  afterwards  iiii- 
spected,  about  the  time  that  the  pistils  began  to 
decay  through  age,  though  they  were  large  indeed 
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and  luxuriant,  yet  the  seed-buds  were  brown,  com- 
pressed,  and  membranaceous,  without  exhibiting 
any  appearance  of  cotyledons  or  pulp. 

Two  plants  of  Clutia  tenella  were,  in  like  manner, 
kept  growing  in  a  window  of  Linnsus^s  house  or 
apartments  during  the  months  of  June  and  July 
oi*  17^S,  the  mate  plant  being  in  one  pot  and  the 
female  plant  in  another.  The  latter  abounded  with 
flowers,  not  one  of  which  proved  abortive ;  the  pot 
containing  the  male  plants  was  after  some  time  re* 
moved  to  a  diflferent  window  in  the  same  apart* 
ment,  and  still  the  flowers  that  were  protruded 
under  such  circumstances  were  found  to  be  fruitful. 
The  pot  containing  the  male  plant  was  at  last  re- 
moved into  a  difierent  apartment,  and  the  female 
plant  left  alone,  after  being  stripped  of  all  the  flowers 
already  expanded.  It  continued  indeed  to  produce 
new  flowers  every  day  from  the  axils  of  every  lea^ 
but  they  proved  to  be  all  abortive.  For  after  remain- 
ing on  the  plant  for  the  space  of  eight  or  ten  days, 
till  the  foot-stalks  began  to  turn  yellow,  they  all 
fell  barren  to  the  ground. 

Such  is  the  amount  of  the  great  body  of  evidence^ 
whetiier  resulting  from  observation  or  experimmt, 
on  v/hich  Linnaeus  has  established  the  doctrine  of 
the  sexes  of  v^etables,  and  on  which  the  import* 
^'ant  and  irresistible  conclusion  depends-^namdy, 
that  no  seed  is  perfected  without  the  previous  agency 
of  the  pollen. 
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SECTION  IV. 

Objections. 

Although  the  proofs  contaioed  in  tne  fere^in^ 
flection  seem  to  be  altogether  irresistible  when  taken 
in  their  a^regate  effect,  yet  it  will  readily  be  ad- 
mitted with  regard  to  several  of  them  that  they  do 
not  amount  to  much  in  their  individual  weight. 
And  hence  we  can  easily  account  for  the  doubts  that 
were  entertained  on  the  subject,  and  the  opposition 
that  was  given  to  the  doctrine  of  vegetable  sexuality, 
at  a  time  when  the  preceding  proofs  were  not  yet  all 
discovered  nor  collected  into  a  body. 
Anticipat-  Camerarius,  who  had  inferred  the  truth  of  the 
^  *"  doctrine  from  the  result  of  actual  experiment^  which 
he  was  indeed  the  first  to  institute  on  the  subject, 
seems,  after  all  to  have  found  cause  to  doubt  the 
legitimacy  of  his  conclusion,  in  observing  that  some  of 
the  female  plants  on  which  his  experiments  were  made 
— namely.  Hemp,  Mercury,  and  Spinach,  produced 
^Isoripe  and  perfect  seeds  even  when  placed  altogether 
beyond  the  reach  of  the  influence  of  the  male  plant. 
This  fact  looked  no  doubt  extremely  hostile  to  the 
doctrine  he  was  endeavouring  to  establish,  and  per- 
hap  remained  with  him  to  be  an  insuperable 
objection ;  but  the  fact  has  been  now  accounted 
for,  and  the  objection  done  away.  For  it  has  been 
ftjMcertained,  by  means  of  more  minute  and  accurate 
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observation^  that  the  fertile  plants  a£  the  genera  in 
question  have  often  some  latent  male  flowers  inter* 
spersed  among  their  female  flowers,  so  that  the 
former,  though.difficalt  of  detection,  are  suflicient 
ta  setwte  the  impregnation  of  the  latter,  even  when 
the  individual  producing  them  is  solitary. 

Toumefort,  who  denied  the  doctrine  of  the  sexes  Adrane*-  ' 
altogether,  though  I  do  not  know  upon  what  precise  Tourno- 
grounds,  admitted,  however,  the  utility  of  the  sta-  ^'^'^' 
mens   in  the  economy  of  fructification^  regarding 
them  as  organs  both  of  secretion  and  excretion — 
the  substance  excreted  being  the  pollen,  and  the 
substance  secreted  being  a  peculiar  fluid  that  was 
conducted  by  the  filaments  to  the  germen.    But  if  Answered, 
the  poUen  is.  merely  an  excrement,  how  comes  it 
to  be  so  very  curiously  organized  ?    And  if  the 
stamens  secrete  a  fluid,  which  they  afterwards  con- 
duct to  the  germen,  by  what  means  do  they  conduct 
it  when  placed  on  a  different  plant? 

Pontedera,  who  was  one  of  the  most  zealous  dis-  Urged  bj 
ci)^  of  Toumefort,  and  willing  to  defend  him  ^"  ^"* 
even  where  least  defensible,  not  only  adopted  the 
opinions  of  his  master  on  &is' subject,  but  en- 
deavoured to  establish  them  by  Additional  argument;- 
contending  that  if  the  stamens  and  pistils  were 
even .  destined  to  the  discharge  of  the  functions 
ascribed  to  them  by  the  sexualist,  yet  there  are 
many  cases  of  perfect  fructification  in  which  they 
could  not  possibly  co-operate  to  the  production  of 
the  effect ;  adducing  the  example  of  the  UmbeUiferas 
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kk  iirbick  the  style^  as  he  rightly  remarked^  does 
ofteo  not  appear  till  after  the  stamens  have  ikileD. 
But  idthougfa  llie  styles  remain  often  inooospieaoiis 
till  the  period  asugned  by  Pontedera^  yet  the  stigmm 
is  previously  mature^  and  consequently  capable  of 
the  necessary  cooperation. 
Anmrnti.  .  But  if  the  fact  had  been  precisely  what  it  appears 
to.be  jn  the  objection,  still  it  would  have  affi>rded 
no  formidaUe  argument  against  the  doctrine  of  the 
sexes.    For  as  the  several  flowers  of  the  same  pJan^ 
and  much  more  the  flowers  of  difierent  plants,  do 
not  all  come  to  maturity  precisely  at  the  same  time^ 
the  flower  whose  stamens  have  fallen  before  the  ma- 
turity  of  its  pistil,  may  still  be  impregnated  by  the 
pollen  of  another  flower  or  plant  with  which  ^e 
period  of  its  maturity  is  identical,  and  to  which  it 
may  be  contiguous.    And  in  this  way,   we  may 
believe,  the  impr^;nationof  many  flowers  is  eftcted, 
particularly  in  the  case  of  Zea  Mayt  or  India  Corn, 
the  barren  flowers  of  which  upon  the  same  plants 
have  generally  quite    decayed    before  the  fertile 
flowers  have  burst  from  the  bosom  of  the  leaves,  at 
least  as  it  grows  in  this  country ;  as  also  in  the  case 
of  the  Jatropha  urcM^  the  barren  floweres  of  which 
are  generally  protruded  either  several  weeks  sooner 
or  several  weeks  later  than  the  fertile  flowers,  and 
are  consequently  either  decayed  or  not  yet  come  t9 
maturity  at  the  time  the  style  is  perfect. 

But  if  the  fertile  flower  or  plant  should  not  be 
eontiguotts  to  the  barren  flower  or  plant,  the  poUea 
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may  yet  be  wafted  to  it  by  means  of  the  nvind*, 
vrhich  curious  pbenofidenoii  may  somettmes-  be  dia^ 
tinctly  seen.     On  tbe  14th  of  June  1808,  as  I  waft 
accidently  looking  at  a  field  of  Rye-grass  situated 
to  the  south  of  the  spot  on  which  I  then  stood^  the 
atmosphere  being  clear,  and  the  wind  blowing  gently 
from  the  west,  I  was  surprized  to  observe  a  thin  and 
sudden  cloud,  as  if  of  smoke  or  fine  dust,  sweeping 
briskly  along  the  surface  of  the  Grass,  and  gradually    . 
disappearing.     This  cloud  was  soon  followed  by  a 
Becond  from  a  different  quarter  of  the  field,  and  that 
by  a  third,  and  so   on  in   succession  for  several 
minutes.    It  was  a  general  discharge  of  pollen  from 
thousands  of  anthers  bursting  at  the  same  moment,  so 
that  no  stigma  ready  to  receive  the  pollen  could  possi* 
biy  fail  of  being  supplied,  either  firom  the  anthers  pro^ 
per  to  the  flower  of  which  it  formed  a  part,  or  from 
those  of  some  other  flower  discharging  their  con-" 
tents  into  the  general  mass.     The  distance  to  which 
the  pollen  may  be  conveyed,  on  a  short  exposure  to 
the  action  of  a  fine  atmosphere,  is  not  likely  to  do 
it  any  damage.     Linnseus  kept  some  of  the  pollen 
of  the  Jatropha  urens  in  paper  for   more  than  a 
month,  which  even  then  fertilized  the  pistils  it  was 
shook  over. 

The  foregoing  doubts  or  objections  were  enter*  Insisted  oa. 
tained  by  the  scrupulous  or  sceptical  prior  to  the  Alston, 
elucidations  of  Linnaeus ;  and  indeed  they  arose  aU 
most  naturally  out  of  the  darkness  in  which  the 
subject  was  then  involved.    But  as  the  elucidations 
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of  Linnaeus^  though  capable  of  affording  convictioD 
to  the  mind  of  the  impartial  inquirer,  were  not  able 
to  subdue  passions,  or  to  eradicate  prejudices   im- 
imbibed  by  education  or   excited  by  comparison, 
the  doctrine  of  the  sexes  of  vegetables  met   also 
wiih  many  opponents  even  in  the  time  of  Linn^us. 
The  most  zealous  and  redoubtable  of  these  was  Dr. 
Alston  of  Edinburgh ;  who,  professing  to  be  dis- 
satisfied with  every  thing  that  had  been  said  or  done 
in  support  of  the  doctrine,  made  a  show  of  refuting 
it  by  means  of  counter  experiments,  of  which  the 
most  formidable  are  the  following : — ^Admitting  the 
result  of  the  experiment  of  the  cutting  off  of  the 
anthers  before  the  ripening  of  the  pollen  to  be  what 
Linnaeus  and  others  affirm,  the  abortion  of  the  seed ; 
he  will  not  allow  that  it  authoriases  any  conclusion 
in  favour  of  the  sexes  of  plants,  because  he  thinks 
it  is  to  be  expected  that  a  wound  in  any  essential 
part  of  the  plant,  together  with  consequent  loss  of 
juice  issuing  from  it,  will  occasion  abortion  in  the 
seeds :  and  in  confirmation  of  the  presumption  he 
quotes  an  experiment  of  Malpighi,  who  found  that 
the  ripening  of  the  seeds  of  a  Tulip  was  prevented 
by  means  of  the  pulling  off  of  the  petals  before 
their  expansion.  But  the  two  experiments  are  not  at 
all  of  the  same  kind.  In  the  latter  there  was  a  mate- 
rial injury  done  to  the  flower,  in  consequence  of  its 
being  prematurely  stripped  of  the  covering  of  the  co- 
rolla;  in  the  former  there  was  no  material  injury  done 
to  th^  flower^  because  the  anthers  were  not  cut  off  till 
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after  the  natural  expansion  of  the  petals  ;  in  which 
case  it  is  very  well  known  that  if  the  pistil  is  im- 
pregnated  even  with  the  pollen  of  another  flower 
the  seeds  will  still  ripen.  But  Alston  does  not 
even  admit  the  fact  that  the  stripping  of  a  plant  of 
its  stamens  will  render  the  seed  abortive ;  alleging 
in  support  of  his  opinion  Geoffiroy^s  experiments  on 
Maze,  in  which  it  was  found  that  some  of  the  ears 
ripeined  a  few  seeds^  even  when  the  stamens  were 
entirely  cut  off  before  the  bursting  of  the  anthers  ; 
together  with  a  similar  experiment  of  his  own 
upon  a  solitary  Tulip,  by  which  the  ovary  suffered 
nothing,  but  increased  and  came  to  maturity  quite 
fiill  of  seeds.  Now  the  defect  of  the  argument  is 
that  we  are  not  told  whether  the  seeds  were  put  to 
the  proper  test ;  that  is,  whether  they  were  sown  and 
found  capable  of  germination. 

The  next  counter  experiment  was  made  upon 
Diaceous  plants.  Three  plants  of  common  Spinach, 
which  were  removed  before  it  could  be  told 
whether  they  were  to  be  fertile  or  barren  to  a  dis- 
tance of  at  least  eighty  yards  from  the  bed  in  which 
they  were  raised,  and  from  which  also  they  were 
separated  by  several  intervening  hedges,  proved  in 
the  end  to  be  all  fertile',  and  ripened  plenty  of  seeds 
that  germinated  again  when  sown;  A  solitary  plant 
of  Hemp  also  that  sprang  up  in  Dr.  AIston*s  garden, 
having  no  other  plant  of  the  species  within  a  mile 
of  it  to  his  knowledge,  grew  luxuriantly,  and  pro« 
duced  seeds  that  germinated  also  when  sown. 
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Anrarercd.     Tbeie  wperiapieiitB  are  contradictory^  no  doubt,  to 
the  experixneots  of  Lmomu ;  but  they  a£>rd    no 
aiiguineat  against  the  doctrine  of  the  sexes  :  ibr  in 
the  first  place  it  cannot  be  proved  that  soaie  oT  the 
|K>llen  from  the  Spinach  bed,  or  from  a  n^hbour- 
ing  male  plant  of  Hemp»  might  not  have  reached 
the  insulated  plants  by  means  of  a  favourable  com^ 
bination  of  circumstances ;  and  in  the  next  place  it 
is  not  certain  that  the   plants  in   question    were 
not  furnished  with  some  minute  and  latent  maJe 
flowers,  by  which  the  impregnation  might  have  been 
efl^ed. 
Addac        But  the  most  truly  formidable,  as  well  aa  the 
ifj^n/^^'  most  philosophical,  opponent  of  the  doctrine  of  the 
sexes  was  the  celebrated  Spallanzani,  who,  having 
an  hypothesis  to  support  which  that  doctrine  stood 
directly  in  the  way  pf,  found  it  necessary  by  all 
means  to  overthrow  it  if  possible.    It  is  the  less 
surprising,  therefore,  that  his  experiments  gave  ge- 
nerally the  result  he  wished  for;  though  I  do  not 
introduce  the  remark  with  a  view  to  detract  from 
the  degree  of  accuracy  and  of  credit  that  is  due  to 
'  him,  as  he  is  well  known  to  have  been  a  most 
able  and  masterly  experimenter,  and  to  have  ex- 
hibited a  degree  of  candour  and  ingenuousness  that 
must  have  been  sufficient  to  prevent  him  from  any 
intentional  misstatement,  in  his  giving  also  those 
results  which  were  the  most  unfavourable  to  his 
own  hypothesis* 

Spallanzani's  first  experiment  was  made  upon 
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the  O^nmm  boiiKcum^  an  hermaphrodite  plant; 
the  anthei^  of  several  flowers  being  all  cut  off 
before  the  pollen  was  ripe,  and  the  stigmas  cai^ 
liillj  secured  from  the  access  of  the  pollen  of  other 
flowers :  in  which  case  it  was  found  that  most  of 
the  seeds  produced  were  evidently  imperfect; 
though  there  were  also  a  few  that  seemed  to  be 
completely  matured,  by  their  exhiUting  on  dis* 
section  the  same  appearances  as  others  that  had 
been  exposed  to  the  action  of  the  pollen.  But 
^¥hen  these  apparently  perfect  seeds  were  put  to  the 
proper  test,  they  were  found  to  be  in  reality  imper- 
fect ;  they  did  not  germinate  when  sown.* 

His  result  was  discouraging  enough,  but  was  not 

MiflScient  to  deter  the  Siguier  from  further    ex* 

periment^  who  now  directed  his  attention  to  plants 

ot  the  Qlass  MofMcia,  to  try  whether  he  could  not 

obtain  from  them  a  result  more  fevourable  to  his 

hypothesis.    The  subject  of  his  experiment  was  the 

Cucurbita  Citrullus,  the  male  flowers  of  which  were 

destroyed  as  soon  as  they  made  their  appearance'; 

and  the   female   flowers,  in  order  to  prevent  all 

suspicion  of  the  access  of  pollen,  were  inclosed  in 

bottles  luted  to  the  stem  by  the  neck,  so  as  to 

exclude  even  the  external  air.      The  seeds  which 

M^ere  procured  in  this  way  germinated  ai^d  produced 

plants. 

This  result  was  as  favourable  to  his  hypothesis  as 
could  be  wished;    but  to  give  to  the  argument 

^  Dissert,  vol.  iii.  chap,  u  Eng.  Trans. 
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against  the  sexes  all  the  weight  he  could^  he  nom 
directed  his  attention  to  the  class  Diosda^  selecting 
as  the  subject  of  experiment  some  plants  of  the 
Cannabis  sativa  and  Spinacia  oleracia^.  from  wiiich 
he  obtained  also  results  equally  favourable  to  his 
views.  For  after  taking  every  precaution  to  secure 
the  female  plants  from  the  access  of  pollen,  as  in  the 
above  example  I  suppose,  seeds  were  still  procured 
that  germinated  when  sown. 

From  the  above  experiments^  which  appear  in- 
deed to  have  been  made  with  great  accuracy,  SpaV 
lanzani  seems  inclined  to  conclude  that  the  pollen  is 
not  in  any  case  essential  to  fecundation ;  and  rails 
much  against  the  Linnaeans  for  drawing  general 
conclusions  from  particular  premises,  insisting  that 
they  should  never  go  beyond  the  extent  of  their 
own  experiments.  But  if  the  philosopher  is  not 
allowed  to  infer  a  general  conclusion  from  a  fair  and 
legitimate  induction  of  particulars,  then  our  know- 
ledge of  the  works  of  nature  must  remain  very 
limited  indeed,  and  a  great  many  of  Spallanzani*s 
conclusions  would  not  be  what  they  are ;  for  although 
he  utterly  disclaims  all  such  procedure  in  principle, 
as  being  wholly  illogical,  yet  he  is  by  no  means 
ashamed  to  resort  to  it  in  practice.  And  yet  after 
all  the  parade  of  argument  and  experiment  which 
he  produces,  the  doctrine  of  the  sexes  of  plants  has 
suffered  but  little  from  his  attack ;  for,  in  spite  of  his 
most  desperate  efforts,  still  he  is  obliged  to  adroit  it 
in  part,  that  is  in  the  case  of  hermaphrodite  plants, 
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which 'according,  to  his  own  experiments^  form  an 
obstacle  that  cannot  be  surmounted.  And  even  with 
regard*  to  monoecious  and  dioecious  plants  perhap* 
his  experiments  are  not  altogether  free  from  error; 
as  we^can.  oppose  to  them  the  experiments  of  Lin- 
naeus on 'the  very  same  species ;  who  will  be  allowed 
to  have  been  as  attentive,  and  accurate,  and  success^ 
ful  an  observer^  as  Spallanzani.     The  necessity  of 
aiding  the  impregnation  of  Melons  and  Cucumbers; 
as  practised  by  gardeners,  is  against  his  conclusions 
in  the  one  case ;  and  the  possibility  of  the  existence 
of  some  latent  and  undetected  niale  flower  lurking 
among  the  females  is  against  it  in  the  other. 

But  although  Spallanzani  is  extremely  anxious 
to  disprove  the  doctrine  of  the  sexes  of  plaats,  and 
although  his  experiments  turned  out  to  be  rather 
favourable  to  his  views,  he  does  not  seem  after  aU  to 
lay  a  great  deal  of  stress  upon  them  ;  thinking  that 
the  doctrine  may  still  be  true,  and  that  the  ripening  of 
the  seeds  that  were  perfected  without  the  aid  of  the 
male  flowers  might  have  been  effected  by  means  of 
a  power,  inherent  in  the  female  flowers,  of  propagate 
ing  to  a  certain  number  of  generations  without  the 
assistance  of  the  male;  .as  in  the  case  of  the  J  phis 
among  insects,   according  to   the  observations  of 
Bonnet ;  and  as  in  the  case  of  some  plants  which  he 
had  himself  observed  to  be  prop^ted  in  this  way 
to.  three  generations.   But  there  does  not  seem  to  be 
any  very  good  ground  for  this  supposition,  nor  does 
it  seem  to  be  much  suj^rted  by  the  observations  of 

VOL,  II.  z 
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Bonnet  on  tise  Aphis;  from  which  it  doei  not 
follow  that  it  had  the  power  of  propagatii^  v^itboat 
the  inale  to  ten  generations  and  no  more,  bnt  rather 
that  his  observations  werd  not  pursued  fartben 

Spallanzani  suggests  also  the  possibility  of  the 
fiscundation  of  the  ovary,  by  means  of  some  aeminml 
principle  residing  in  the  pistil,  and  capable  of  sop* 
}ilying  the  place  of  the  pollen,  as  well  as  neceasaiy 
in  the  case  of  Monmcious  and  Dicsciaus  plants,  to 
ensure  the  perfeetion  of  the  seed.    This  conjecture 
is  perhaps  countenanced  in  some  degree  by  KoeU 
reuter*s  account  of  the  chemical  properties  of  the 
moisture  exuding  from  the  stigma  when  ripe,  vrfaich 
he  represents  as  being  precisely  the  same  with  the 
chemical  properties  of  the  pollen.   But  this  is  leaving 
the  matter  precisely  as  it  was  taken  up ;  for,  if  the 
suggestion  of  Spallanzani  is  true,  then  there  exists 
at  least  a  virtual  sexuality  in  vegeUblei,  to  all  in- 
tents and  purposes. 
RMtentod      The  last  bnd  least  formidable  adversary  of  the 
.  bySmc  le.  ^^^^j^^  ^f  ^^e  sexcs  of  vegetables  whose  opposition 
I  shall  take  any  particular  notice  of  at  present'  is 
Mr.  Smellie,  author  of  the  Philosophy  of  Natural 
History^     Violent  in  proix)rtiob  to  his  want  of  ar- 
gument, he  pushes  his  opposition  to  a  greater  length 
than  any  of  his  predecessors,  though  with  less  eflfecL 
Spallanzani  had  admitted  that  fecundsktion  cannot  be 
effected  in  hermaphrodites  Without  the  aid  of  the 
pollen,  and  that  it  may  possibly  be  so  eflfected  in 
inoncecious  and  dicscious  phnts  also;  contending 
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only  in  fkdt  for  the  establishment  of  the  prindple^ 
that  nature  in  extraordinary  cases  may  have  recourse 
to  extraordinary  means.  But  this  is  a  concession 
which  Mr.  Smellie  is  by  no  means  inclined  to 
makO)  not  admitting  liie  existence  of  sexes,  or  the 
efficacy  of  the  pollen^  in  any  case  whatever ;  to  coun« 
tenanoe  which  opposition  one  would  think  be  must 
have  been  able  to  produce  a  variety  of  the  most  de- 
licate and  decisive  experiments  that  ever  were  made 
on  the  subject,  and  that  they  had  all  succeeded  to 
his  wish.  But  what  must  be  the  surprise  and  disap- 
pointment of  the  i;^der  when  he  is  informed  that 
all  Mr.  Smellie's  dogmatism  and  pertinacity  rests 
only  on  the  very  slender  and  narrow  foundation  of 
one  poor  experiment  made  upon  the  Lychnis 
dioica,  which^  by  the  by,  is  not  his  own  experiment 
after  all. 

But  in  order  to  account  for  the  very  sweeping 
and  decided  conclusion  of  Mr.  Smellie,  it  is  to  be 
reooUected  that  he  began  his  reasonings  on  the  sub- 
ject with  a  wish  that  the  doctrine  of  vegetable  sexuality 
might  prove  to  be  false,  as  well  as  with  the  hope  of 
showing  some  little  ingenuity  in  refuting  a  doctrine 
that  was  supported  by  the  great  Lintisus,  and  thus 
avowedly  contending  for  victory  rather  than  for  truth. ' 
Like  Spallanzani  he  begins  by  complaining  of  the  in- 
sufficiency of  the  arguments  drawn  irom  analogy,  by 
which  the  doctrine  of  the  sexes  had  been  occasion^ 
ally  illustrated ;  and,  like  Spallanzani  also,  is  guilty 
of  committing  the  very  identical  sin  he  condemns, 

Z2 
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employing  such  ai^uments  wherever  it  suits  his 
purpose,  in  all  cases  excepting  that  of  sex.  Witness 
his  very  first  chapter  on  the  analogies  between  the 
plant  and  apimal ;  in  which  he  exhibits,  no  doubt, 
an  example  of  the  most  meritorious  self-denial  in 
forbearing  to  pursue  the  analogy  throughout  the  se- 
veral sexual  organs,  to  which  he  certainly  had  a 
strong  temptation,  though  he  affects*  to  r^^d  the 
doctrine  as  an  absurdity. 

.  But  if  plants,  like  animals,  are  found  to  produce 
a  new  individual  arising  from  a  germe,  seed,  or  egg, 
why  should  it  be  thought  strange  if  they  are  fur- 
nished with  analogous  organs  of  generation?  The 
alleged  impregnation,  says  Mr.  Smellie,  is  impossi- 
ble :  because  if  the  doctrine  were  even  true,  the  seed 
could  be  impregnated  by  the  pollen  only  in  a  gela- 
tinous state ;  and  yet  in  most  hermaphrodites,  it  has 
acquired  considerable  solidity  before  the  pollen  is 
shed.  But  this  assumption^  which  is  founded  on 
the  already  refuted  arguments  of  Pontedera,  is  good 
for  nothing ;  because  Mr.  Smellie  cannot  tell  when 
impregnation  is  and  is  not  practicable  mereJy  from 
the  state  of  the  seed ;  and  because  it  is  not  necessary 
that  a  seed  should  be  impregnated  by  the  poUen  of 
its  own  flower.  The  experiment  of  the  Leipsic  and 
Berlin  Palms  is  regarded  as  defective,  because  it  was 
not  continued  for  several  successive  years  with  and 
without  pollen ;  and  because  it  is  possible  it  might 
have  produced  fertile  ^eeds,  in  the  year  of  the  ex- 
periment at  any  rate.    The  futility  of  this  objection 
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requires  no  reply^  and  proves  only  that  the  objeictof 
was  much  in  want  of  argument.  It  is  said  to  be 
ridiculous  to  suppose  that  the  pollen  should  be 
wafted  by  the  winds,  or  carried  by  insects  to  im- 
pregnate the  germe ;  but  if  it  can  be  proved  that  the 
pollen  retains  its  fecundating  property  for  some  con- 
siderable length  of  time  after  it  is  shed,  which  Lin- 
nasus  has  actually  done,  there  is  no  absurdity  in 
supposing  that  it  may  in  some  cases  be  conveyed  to 
the  pistil  by  the  wind.  The  wind  must  necessarily 
waft  it  along,  and  it  may  certainly  fall  upon  the 
stigma  of  the  female  plant :  and,  if  insects  should 
occasionally  be  the  carriers  of  it^  still  it  is  far  less 
wonderful  than  the  feats  of  Spallanzani,  in  a  case 
which  I  need  not  specify. 

Varieties  which  have  been  proved  to  proceed,  at 
least  occasionally,  from  the  intermixture  of  the  pol- 
len of  plants  of  >  different  species  or  varieties,  Mr. 
Smellie  ascribes  wholly  to  soil  and  culture ;  dismiss-* 
ing  the  experiments  on  the  subject  by  saying  that 
the  same  results  might  have  happened  if  the  con* 
ditions  had  been  reversed,  and  finally  contending 
that  the  doctrine  of  the  sexes  is  disproved  by  the 
fact  of  the  propagation  of  plants  from  slips  and  layers 
in  which  new  individuals  are  formed  without  the 
intervention  of  sexual  organs.  But  if  this  is  at  all 
^n  argument,  it  is  one  from  which  the  sexualist  has 
but  little  to  fear ;  as  in  the  case  of  slip^  and  layers 
there  is  in  fact  no  production  of  a  new  individual, 
but  merely  a  prolongation  of  the  old ;  or  at^  best  a 


349  8EXUALITT  Of  YEOnABLES.       CHAP.  VI. 


multiplication  by  means  of  division^  as  in  the 
of  the  Polypi :  and  although  plants  are  capable  of 
being  multiplied  in  this  manner,  it  is  no  proof  that 
they  may  not  be  propagated  by  means  of  aerual 
intercourse  also. 

lUfaied.  Such  is  the  futility  of  Mr.  Smellie's  reasoning  on 
this  interesting  and  impcurtant  subject,  in  which  the 
reader  will  perceive  that  every  thing  is  hjrpothetical. 
But  at  length  we  come  to  the  boasted  and  long  ex- 
pected experiment  which  is  to  outweigh  the  whole 
body  of  evidence  for  the  doctrine  of  the  sexes, 
whether  as  adduced  by  Linnaeus  or  others.  And 
whtit  is  this  boasted  experiment  ?  It  is  that  of  a 
female  plant  of  the  Lychnis  dioica,  which  was  placed 
by  Mr.  Smellie  in  a  spot  so  situated  that  no  male 
plant  of  the  same  species  was  known  to  gtow  within 
a  mile  of  it,  and  which  yet  produced  seeds.  It  is  to 
be  recollected,  however,  that  the  experiment  did  not 
succeed  with  Mr.  Smellie  himself;  but  when  the 
plant  was  removed  to  the  garden  of  Dr.  Rutherford 
at  Edinburgh,  it  succeeded  after  a  year  or  two  of  ex- 
pectation.  But  where  is  the  proof  that  there  was 
no  male  plant  within  a  mile  of  it  during  the  whole 
time  of  experiment;  which,  if  it  could  be  produced, 
would  be  but  of  little  avail,  as  We  are  not  told  after 
all  whether  the  seed  was  capable  of  germination. 

Bj  the  op-     Lastly,  the  doctrine  of  the  sexes  of  plants  has  been 

ponentt  of,.  , 

Cnpio-     Objected  to  as  altogether  unfounded,  upon  the  pre- 

•*"'^'       sumption  that  plants  destitute  of  conspicuous  flowers 

are  destitute  of  flowers  altogether^  and  consequently  of 
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sexual  cu^na,  which  if  not  necessary  in  some  eases  are 
not  nec^sary  in  any.  Plants  of  the  cla63  Cryptogamia 
are,  as  their  name  imports,  destitute  of  conspicuoua 
flowers,  and  hence  they  have  been  regarded  by  many 
botanists  as  being  destitute  of  flowers  altogether ;  as 
may  be  seen  from  the  title  by  which  they  are  cha-^ 
racterized  in  the  method  of  Tournefort  and  others : 
but  it  is  now  very  well  known  that  plants  may  pos« 
aess  all  that  is  necessary  to  constitute  a  flower, 
without  being  furnished  with  a  gaudy  and  conspi^ 
cuous  corolla. 

If  the  stamens  and  pistils  are  but  present  under 
whatever  shape,  they  constitute  to  alt  intents  and  .pur« 
poses  an  efl^tive  flower,  because  they  are  by  them* 
aelves  capable  of  producing  perfect  seed ;    as  in  the 
caae  of  Hippuriss  Salicornia,  and  Lemna^  which  are 
indeed  destitute  of  petals,  but  are  furnished  with 
stamens  and  pistils  that  produce  seeds.    But  in  plants 
that  are  strictly  cryptogamous  many  botanists  hava 
denied  the  existence  of  stamens  and  pistils  under  any 
form  whatever,  regarding  it  as  absurd  even>to  supppse 
thdr  existenoe ;  aad  either  ccmtending  that  they  are 
propagated  without  seeds,  or  inferring  that  seeds 
may  be  formed  without  t^e  intervention  of  sexual 
organs,  which  if  not  necessary  to  the  reproduction 
of  what  are  called  cryptogamous  plants  are  not  ne» 
cessary  to  the  reproduction  of  any,  and  consequently 
do  not  exist.    But  a  contrary  inference  would  have 
Wn  the  more  logical,  and  might  have  been  de 
duced  thus : — ^The  organs  of  fructification  have  been 


fruciifiea- 
tion 
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detected  in  most  plants,  and  the  peculiar  functions 
of  the  several  organs.  There  arc,  however,  some 
plants  producing  fruit,  in  which  the  organs  of  fructi- 
fication have  not  yet  been  detected,  but  we  con- 
clude, from  analogy,  that  such  oi^ns  exist  in  them, 
and  dischai^  similar  functions :  and  this  inference 
has  been  accordingly  confirmed  by  means  of  the 
actual  discoveries  to  which  the  aid  of  the  micro- 
scope has  led.  The  first  minute  portion  that  ever 
Refuted  by  was  removed  of  the  veil  concealing  the  fructification 
*r  d^c  of  cryptogamous  plants  was  removed  by  the  hand  of 
oHhe  ^^^helli,  in  his  detecting  of  the  stamens  and  pistils 
of  Mosses,  though  he  does  not  seem  to  have  enter* 
tained  any  correct  notion  of  their  respective  func- 
tions:* and  to  the  meritorious  example  of  minute 
investigation  which  he  thus  exhibited  we  are  per- 
haps indebted  for  the  succeeding  illustrations  of 
Dillenius  and  Linnaeus,  who  detected  indeed  the 
parts  of  the  fructification  of  the  Mosses,  but  unfortu- 
nately mistook  the  capsule  for  the  anthers,  and  con- 
sequently the  seeds  for  the  pollen.  At  length, 
however,  the  task  of  investigation  was  undertaken 
by  the  illustrious  Hedwig,  who  detecting  the  errors 
of  his  predecessors,  and  penetrating  into  the  very 
recesses  of  the  mystery,  exhibited  a  view  of  the  sub- 
ject so  correct  and  so  well  supported  by  fact  as  to 
leave  but  little  doubtful,  and  to  authorise  a  conclu- 
sion directly  the  reverse  of  that  of  Linnaeus — the 
anthers  of  Linnaeus  being  proved  to  be  in  fact  the 

♦  Nova  Planurura  Gepera,  1729.  ' 
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the  fruit,  and  the  cones  and  stars  being  presumed  to 
be  the  male  organs. 

The  legitimacy  of  this  conclusion  seems  now  to 
be  almost  universally  admitted ;  and  yet  it  has  been 
lately  suspected  that  the  Mosses  are  hermaphrodites, 
containing  in  the  urn  both  the  germe  and  pollen. 
Such  at  least  is  the  opinion  of  M .  Palisot  Beauvois^  a 
French   botanist  of  some  considerable  celebrity  ;* 
who  regards  the  column  as  constituting  an  individual 
viscus,  and  containing  a  sort  of  granular  and  powdery 
substance  as  well  as  the  urn — the  powder  of  the 
latter^  according  to  M.  Beauvois^  being  the  pollen  f 
and    that  of   the  former  being    the    seed.     This 
opinion  is  certainly  platfsible,  and  may  perhaps  prove 
to  be  the  truth.    In  the  month  of  November,  1805, 
I  examined  some  capsules  of  Bryum  argenteum 
before  the  operculum  had  fallen,  but  not  till  it  had 
become  a  little  brownish  with  age,  and  found  that 
the  column  actually  contained  within  it  a  quantity 
of  fine  granules  imbedded  in  a  pulpy  and  viscid 
substance;   the   granules  of  the  capsule  being  in 
nearly  the  skme  state  at  th^  same  time.  The  granules 
of  the  column  were  easily  distinguished  from  those 
of  the  capsule  both  in  size  and  colour,  the  former 
being  by  much  the  smallest  and  almost  perfectly 
transparent ;    and  the  latter  being  comparatively 
lar^e,  as  well  as  opaque  and  green. 

Such  are  the  two  sats  of  granules  on  which  M. 
Beauvois  founds  his  opinion  of  the  sexual  organs 
^  Prodrome  dis  Moussas  er  des  Lyeopodes, 
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cf  tbe  Mp00fa ;  and  it  cl^nis  at  least  a  fair  ^nd  im- 
partial consideration^  as  the  cones  apd  stars  of  Hed- 
wig  ans  by  no  oiwnf^  universal.    I  he^^,  bpwever, 
tp  snspe^^t  that  M*  Beauvois  has,  like  DiUenius  and 
lanQaeqs,  mi^fippr^hepded  |he  true  wd  natural  cba- 
i^ct0r  of  the  two  cpntaining  oi^p9  respectively ; 
and  that  the  powder  of  tb^  column  is  the  poUenj 
and  thd  powder  of  the  urn  the  seed.     My  reasons 
are  the  following;-^  1st,  Because  the  granules  of 
the  column  are  much  smaller  than  the  granules  of 
the  capsule,  and  therefore  mor^  analogous  to  the 
ohar^oter  of  pollen  in  general.    2dly,  Because  like 
U)e  pollen  they  are  observable  only  at  a  certain 
period  of  the  plant's  growth ;  that  is  about  the  time 
of  the  fidl  of  the  opercukm%  or  a  little  before  it, 
so  that  if  you  look  for  them  sooner  you  find  only 
a  gelatinous  mass,   and  if  later,  they  are    gone. 
3dly,  Because  the  column  after   discbai^ing   its 
ocntained  granules  becomes,  like  the   anthers  of 
other  plants,  shrunk  and  shrivelled  up  long  before 
t}ia  granules  of  the  capsule  are  ejected. 

Perhaps  an  objector  may  say  that  the  stamens  are 
on  this  supposition  contained  within  the  pistils, 
which  is  contrary  to  all  analogy.  But  why  may 
not  the  Mosses  be  allowed  to  form  an  exception,  if 
no  ^ther  plants  do^  as  they  are  in  almost  all  other, 
respects  confessedly  anomalous.  And  if  the  urn 
contains  the  poUeo,  and  the  column  the  seed,  then 
do  the  Mosses  present  an  anomaly  much  more 
wonderful  than  the  eccentric  position  of  the  fruit ; 


namely,  that  of  ripening  and  disoharging  their 
seeds  before  the  discbarge  of  the  pollen,  which  is 
an  absorditjr. 

I  know  it  is  the  opinion  of  Mr.  Brown,*  that 

M.  Beaavois  has  been  led  into  a  mistake  with  re-^ 

gard  to  the  source  of  the  central  grains,  which  he 

believte  to  have  been  pushed  into  the  substance  of 

the  column  by  the  pressure  necessary  to  cut  it  up, 

or  to  have  been  carried  over  the  surface  of  die 

section  by  the  cutting  instrument.   This,  it  must  be 

confessed,  is  grving  M.  Beauvois  very  little  credit 

Ibr  the  accuracy  of  his  observations;  althougli  I 

am  satisfied  there  are  but  few  botanists  better  qua* 

lified  than  Mr.  Brown  to  judge  of  that  accuracy. 

It  is  not  for  roe  to  attempt  to  decide  any  thing 

where  such  authorities  have  differed ;  nor  am  I  pos^ 

aessed  of  a  sufficient  induction  of  particulars  to 

form  any  decisipn  ;  but  I  will  venture  to  add  that 

I  am  quite  confident  of  the  esListence  of  two  sets  of 

granules  in  the  individuals  of  the  species  I  eisa* 

mined ;  as  well  as  positive  that  the  granules  of  the 

urn  were  not  forced  into   the   substance  of  the 

column  by  means  of  the  dissecting  instrument. 

But  the  Mosses  are  not  the  only  tribe  of  plants  And  im- 
thst  has  been  proved  to  be  furnished  with  organs  dh^^!!^ 
of  fructification  after  having  been  supposed  to  be  SJ^  p^e^s, 
totally  destitute  of  them.    Hie  Ferns,  Alg«,  and  ^i^^!  »»^ 
Vangi,  aooording  to  the  illustrations  of  Hedwig, 

*  Lioi  Trani.  vol*  x.  part  ii. 
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that  by  which  impreg^ 
II  intents  and  purposes 
^  of  the  Fuci  is  oeoes- 
ted  to  the  nature  of  the 
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ley   are  wholly   without 
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o  that  if  Gaertner  has  erred 
:^nying  the  universality  of  the 
the  grains  in  question  £rom 
,   Hedwig    has    erred   on    the 
,  a  variety  of  substances^  rather 
rank  of  stamens  and  pistils. 
er*s  theory    should  even  be  un-AodGcit- 
bits  at  least  aA  view  of  the  compa-  "*'' 
n  of  plants  as  connected  with  the 
theif'  sexual  apparatus^  which  should 
*ed.     When  the  species  is  propagated 
^ly,  without  seed,  as  in  the  lowest  orders 
le  beings^  no  sexual  organs  are  percepti- 
m  the  seed  is  inconspicuous  and  seemingly 
but  an  embryo^  then  the  female  organs 
jeptible  but  not  the  male  organs,  and  the 
are  called  Aphrodites.     When    the   radicle 
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Aft  illus-  have  been  found  to  exhibit  similar  proofs  of  sexu- 
Hedwi^  ality  also^  so  that  Cryptc^my  can  now  be  scarcely 
said  to  exist ;  and  much  less  any  thing  like  equi- 
vocal generation ;  whence  it  seems  indeed  to  £>Ilow, 
according  to  the  favourite  maxim  of  that  great  na- 
turalisty  that  all  plants  spring  from  seed. 

At  the  same  time  it  must  be  admitted  tiiat  there 
still  exists  some  considerable  diversity  of  opinion 
on  this  subject,  notwithstanding  all  that  has  been 
•  done  by  Hedwig  and  others  to  prove  that  all  plants 

are  furnished  with  distinct  sexual  organs^  capable 
of  producing  perfect  seeds.  Gsartner^  a  most  able 
and  accurate  observer  of  nature^  controverts  the 
opinion  of  Hedwig,  and  contends  that  many  of 
the  plants  called  Cryptogamous^  instead  of  being 
thqs  completely  furnished  with  stamens  and  pistils, 
are  either  defective  in  some  part  of  their  sexual  ^ap- 
paratus^ so  as  not  to  exhibit  the.  male  and  female 
organs  distinct;  or  are  destitute  of  a  sexual  ap- 
paratus altogether^  and  propagated  not  by  seeds, 
bat  by  gems.  In  the  former  class  he  ranks  the 
Ferns,  Mosses,  and  Fuci,  discarding  the  alleged 
stamens  of  Hedwig  and  others  altogether,  and  con- 
tending that  the  ovary  is  also  the  organ  of  fecun* 
dation,  absorbing  and  elaborating  a  mucous  sub- 
stance with  which  it  is  found  to  be  surrounded, 
particularly  in  the  Fuci,  and  thus  effecting  its  fe- 
cundation, as  in  the  Aphrodites  of  Adanson.*'   But 

*  Famil.  des  Plantes,  vol,  i.  p.  26*. 
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if  the  moQous  sobstanoe  is  that  by  which  impreg^ 
nation  is  eSkcled,  it  is  to  all  intents  and  purposes 
a  pollen^  which  in  the  case .  of  the  Fuci  is  neces- 
sarily nmcous  as  b^ng  suited  to  the  nature  of  the 
element  in  which  the  plant  vegetates.*  In  the 
latter  class  he  ranks  the  Fungiy  Covftrvct^  and 
Z/lviSj  contending  that  they  are  wholly  without 
seed  as  without  sex,  and  propagated  merely  by 
gems.  But  on  the  coi^trary,  M.  Correa  De  Serra 
contends  that  they  are  in  all  respects  similar  to  the 
grains  of  the  Fucij  and  equally  entitled  to  the  ap- 
pellation of  seeds.  So  that  if  Gartner  has  en-ed 
on  the  one  hand  in  denying  the  universality  of  the 
sexes,  and  degrading  the  grains  in  question  from 
the  rank  of  seeds,  Hedwig  has  erred  on  the 
other,  in  etevating  a  variety  of  substances,  rather 
too  hastily,  to  the  rank  of  stamens  and  pistils. 

But  if  Gaertner*s  theory  should  even  be  un-AodGcit- 
founded,  it  exhibits  at  least  aAview  of  the  compa-  ^^' 
rative  perfection  of  plants  as  connected  with  the 
perfection  of  theif'  sexual  apparatus,  which  should 
not  be  omitted.  When  the  species  is  propagated 
by  gems  only,  without  seed,  as  in  the  lowest  orders 
of  vegetable  beings,  no  sexual  organs  are  percepti- 
ble. When  the  seed  is  inconspicuous  and  seemingly 
nothing  but  an  embryo,  then  the  female  organs 
are  perceptible  but  not  the  male  organs,  and  the 
plants  are  called  Aphrodites.    When    the  radicle 

*  M.  Correa  De  Serra  Fruct.  of  Submersed  Alg*. 
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of  the  embryo,  oonstituting  a  niiclem^  is  peraeptiUe 
in  the  seed,  Ihaa  also  the  pollen  appears,  bat  the 
flower  has  no  beauty.  And  when  tbe  embryo  ii 
found  no  longer  constituting  a  mere  nudanst,  bnt 
surrounded  with  its  cotyledons,  then  there  is  to  be 
seen  both  the  apparatus  of  flower  and  of  semal 
organs..  The  first  class  includes  plants  widiout 
sex,  the  CanferoiBj  UlwB^  Fungi.  The  second 
class  includes  the  Aj^rodites,  the  FUices^  Mmcz^ 
Futi.  The  third  class  includes  what  are  calJed 
ambiguous  plants,  such  as  Zostera,  Zamia^  Cjfctu. 
And  the  fourth  class  includes  all  plants  whatever 
with  conspicuous  flowers.  This  gradation,  if  not 
true,  is  at  least  beautiful ;  and  will  perhaps  be  ad- 
mitted to  be  also  useful ;  from  which  we  may  infer 
the  truth  of  the  observation — ^that  even  the  very 
errors  of  a  great  mind  are  edifying. 


CHAPTER  VIL 

OF  THE  IMPREGNATION   OF  THE  SEEP. 

Admitting  that  the  stamens  and  pistils  are  the 
male  and  female  organs  of  vegetable  generation, 
and  that  the  pollen  is  the  substance  by  which  the 
impregnation  of  the  seed  is  effected,  how  is  it 
conveyed  to  the  ovary?  and  what  is  the  amount 
of  its  action  ? 
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SECTION  L 

Access  of  the  Pollen. 

WflEKthe  stameM  tod  pistils  ure  situMed  i^Mt  By  the 
each  6iheTy  as  in  the  case  whether  of  HermaphrO**  ^ni^ 
dite  or  Monoecious  flowers,  the  elastic  spring  with 
which  the  anther  flies  open  will  gienerally  be  sufl)«^ 
eient  to  disperse  the  pollen,  so  as  that  part  of  it 
must   infallibly  reach  the  stigma.     The  facilities 
tending  to  ensure  the  access  of  the  pollen  as  te^ 
suiting  irom  the  relative  proportion,  situation,  and 
mutual  sympathies  of  the  stamens  and  pistils  have 
been  already  noticed ;  as  well  as  the  possible  action 
of  winds  wafting  the  pollen  to  a  distiihce,   and 
hence  including  the  case  of  Dioecious  plants.  Mso. 
But  with  all  the  above  facilities  the  infipregntitioti 
of  the  seed  would  still  in  many  cases  be  impracti*^ 
cable    even    in    Hermaphrodite    flowers,    without 
further  aid ;  particularly  in  such  as  do  not  perfect 
their  stamens  and  pistils  at  the  same  titne.    F6r 
Itlthough  the  action  of  the  wind  cannot  but  be 
efficacious  in  some  such  cases  ;  yet  it  will,  in  some 
others,  naturally  give  to  the  flower  a  direction  calu- 
mniated rather  to  prevent  than  to  aid  the  access  of 
the  pollen,  by  causing  the  corolla  to  veer  round  tike 
a  vane  according  to  the  quarter  from  which  it  may 
happen  to  blow ;  or  the  very  flgure  of  the  corolla 
may  operate  as  a  bar  to  the  entrance  of  the  pollen 
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which    must    be    surmounted    by    extraordioaiy 
means. 
Or  inflects      What  then  are  the  means  instituted  by  nature  for 
h^^^    eflfecting  the  impregnation  of  Hermaphrodites  so 
nectar.      circumstanced?     The  true  reply   to   this  inquiry 
seems  to  have  been  first  suggested  by  Koclreater^ 
namely^  the  agency  of  insects ;  and  has  been  since 
confirmed  by  the  more  leisurely   observations  of 
Spregnely  who  found  that  the  pollen  in  the  above 
case  is  very  generally  conveyed  from  the  anther  to 
the  stigma  through  the  instrumentality   of  Beea, 
though  sometimes  through  that  of  insects  peculiar 
to  a  species.     The  object  of  the  insect  is  the  dis* 
covery  of  honey,  in  quest  of  which,  whilst  it  roves 
from  flower  to  flower  and  rummages  the  recesses  of 
the  corolla,  it  unintentionally  covers  its  body  witii 
pollen,  which  it  conveys  to  the  next  flower  it  visits, 
and  brushes  ofi*  as  it  acquired  it  by  rummaging  for 
honey;  so  that  part  of  it  is  almost  unavoidably 
deposited  on  the  stigma,   and   impregnation  thus 
eflected.   -Nor  is  this  altogether  so  much  a  work  of 
random  as  it  at  first  appears.     For  it  has  been  oh* 
served  that  even  insects,  which  do  not  upon  the 
whole  confine  themselvies  to  one  species  of  flower, 
will  yet  very  often  remain  during  the  whole  day 
upon  the  species  they  happen  first  to  alight  on  in 
the  morning.    And  their  agency  is  also  completely 
secured,  from  the  necessity  they  are  under  of  pro- 
curing food ;  though  nature  in  her  care  for  the  im- 
pregnation of  the  vegetable  has  not  only  lodged  a 
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honey  m  the  flower  to  tempt  the  taste  o(  imects, 
but  seeikM  to  have  furmshed  also  the  means  of  at- 
traetii^  eren  the  eye*    This  is  thought  to  be  done  or  cokmr, 
by  msaos  of  the  odoored  spots  ^th  ^hich  many 
ft>irers«ecretiog  a  honied  fluid  are  marked^  which 
Spregnel  calls  mactike  indicantei^  as  indicating  the 
treasnre  that  is  contained  in  the  flower,  and  thus 
attracting  the  attention  of  the  insect     But  the 
yery  figure  of  the  flower  seems  often  intended  to 
produce  the  same  efecti    Spregnel  has  enumerated  Or  figore 
several  hundreds  of  flowers  which  in  their  figure  ab  bowv. 
well  as  colour  rasemble  insects^  and  hence  attract 
the  notice  of  the  plunderers  of  their  honied  stores. 
Thci  beautiful  exsample  of  the  Bee  Orchis  is  known 
to  almost  every  body. 

Such  then  are  the  means  by  which  the  notice  of  inHerma- 
the  insect  is  attracted  i  and  such  also  is  the  struc-  P^^'^ 
tuie  of  the  internal  parts  of  the  flower,  that  it  must 
of  necessity  pass  across  the  stamens  and  pistils  iA 
procmring  the  hon^  it  i^  in*  quest  of^  which  passage 
is  ofteif  a  work  of  considerable  difficulty,  particu^ 
kirly  when  the  tubular  pan  of  the  corolla  is  beset 
with  hairs,  as  in  many  flowers  of  the  dlass  Pentai^ 
dria^xkd  Di^amh.  But  one  of  the  most  difijcuft 
and  singular  cases  of  Hermaphrodite  impregnation 
as  aided  by  the  i^ntiy  of  insects  is  that  of  the 
ArUtoloehia  Clematitk*  Hie  corolla  cS  this  flbwer, 
which  is  tubular,  but  terminating  upivards  in  a 
Itgulase  limb,  is  inflated  into  a  globular  figure  at 
the  base.    The  tubldar  part  is  internally  beset  with 
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Stiff  hairs  pointing  downwards.    The  globular  p«t 

contains  the  pistil,  which  consists  merely   of  a 

gennen  and  stigma  together  with  the  surnnioding 

stamens.    But  the  stamens  being  shorter  than  even 

the  germen,  cannot  discharge  the  pollen  so  as  to 

throw  it  upon  the  stigma,  as  the  flower  stwds 

always  upright,  till  after  impregnation.    And  hcuce 

without  some  additional  and  peculiar  aid  the  pollen 

must  necessarily  fell  down  to  the  bottom  of  the 

flower.    Now  the  aid  that  nature  has  furnished  in 

this  case  is  that  of  the  agency  of  the  Tipula  pcmi- 

cornis,  a  small  insect,  which,  entering  the  tube  of 

the  corolla  in  quest  of  honey,  descends  to  the 

bottom  and  rummages  about  till  it  becomes  quite 

covered  with  pollen ;  but  not  being  able  to  force  iu 

way  but  again  owing  to  the  downward  position  of 

the  hairs,  which  converge  to  a  point  like  the  wires 

of  a  mouse-trap,  and  being  somewhat  impatient  of 

ito  confinement,  it  brushes  backwards  and  forwards 

tiying  every  corner  till  after  repeatedly  traversing 

the  stigma  it  covers  it  with  pollen  sufficient  for  its 

impregnation',  in  consequence  of  which  the  flower 

soon  begins  to  droop,  and  the  hairs  to  shrink  to  the 

side  of  the  tube,  efecting  an  easy  passage  for  the 

escape  of  the  insect.* 

InmoDoe.     Monoccious  plants  are,  according  to  Spreguel, 

*****       mostly  impregnated  by  insects  also,  excepting  such 

as  are  destitute  of  nectaries.     But  many  of  them 

do  not  require  that  aid,  in  which  case  the  male  and 

»  Willdcnow,  p.  317. 
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female  flowers  stand  close  tc^ther,  as  in  Typha, 
CoiVy  Carcx;  the  females  being  lowest^  and  their 
petals  being  deeply  or  minutely  laciniated  so  as  not 
to  interrupt  the  pollen  in  its  fall^  as  in  the  genus 
Pinus. 

The  impregnation  of  Dioecious  plants  is  often  And  6io^ 
effected  by  insects  also^  as  has  been  already  seeupi^QU. 
in  the  case  of  the  Fig,  and  their  flowers  are  said 
to  be  always  furnished  with  nectaries ;  the  male 
flowers  being  larger  than  the  female  flowers^  that  the 
insect,  as  it  has  been  thought^  may  have  the  better 
opportunity  of  loading  itself  with  pollen.* 

From  the  fact  of  the  agency  of  insects  in  con- 
veying the  pollen  to  the  stigma  it  will  follow  that 
no  plant  requiring  such  aid  can  possibly  perfect  its 
seed  unless  the  specific  insect  has  access  to  it,  or 
unless  some  such  aid  is  given  to  it  by  the  cultivator. 
And  hence  botanists  attribute  the  imperfection  of 
the  seeds  of  hot^house  plants  to  the  want  of  the 
insect  by  which  the  species  may  be  impregnated 
in  its  native  climate.  This  conjecture  is  counte* 
nanced  by  the  following  experiment,  as  related  by 
Willdenow: — A  plant  of  Abroma  augusta  had 
flowered  for  many  years  in  a  hot-^house  at  Berlin 
without  producing  any  fruit;  but  when  the  gardener 
by  means  of  a  hair  pencil  placed  a  little  of  the 
pollen  upon  the  stigma  of  several  of  the  flowers, 
perfect  fruit  was  produced  from  which  new  plants 
were  raised. 

*  Willdenow,  p.  32Q. 
2  A  2 
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Ptange  of  But  adihitting  that  the  poUon  ia  conv^y^  to  tbe 
SJSih  ai%nia  by  Xhe  mean*  above  stated,  how  ia  it  tbence 
^^y^^  oonductod  to  the  ovary?  It  was  at  one  time  gene- 
nlly  supposed  tbat  the  pollen  ia  eonductod  fiom 
the  stigma  to  the  ovary  by  means  of  a  loi^todinal 
eanal  perforating  the  style.  This  e^nal  is  distin- 
guishable in  many  c^  the  liliaceous  plants  in  which 
it  seems  indeed  to  constitute  the  passage  of  the 
pollen  particularly  from  the  phenomenon  of  the 
Amaryllis  Jormomsimay  the  fluid  exudng  Irom 
the  stigma  of  which  returns  again  through  this  per- 
foration of  the  style  tinged  with  yellow,  the  colour 
of  the  pollen.  But  the  existence  of  tlie  canal  b 
question,  though  distinguishable  in  the  AmmyUis 
Jbrmcsisnma^  and  other  liliaceous  plants,  cannot 
be  admitted  as  a  universal  property  id  the  style^  at 
least  it  cannot  be  detected.  And  if  it  ia  ao  very 
ftne  as  to  escape  all  observation,  dien  it  eouid  not 
admit  the  particles  of  pollen,  which  wee  in  some 
eases  comparatively  large,  as  in  Marvel  of  Peru;  the 
pollen  of  which  exceeds  the  style  itself  in  diameter, 
auid  could  not  OHisequently  be  admitted  by  a  cen- 
Irall  canal. 

But  in  order  to  effect  the  impregnation  of  the 
seed  it  is  not  necessary  that  the  particles  of  pollen 
should  enter*  the  style  entire.  The  finer  part  of 
their  contents  is  sufficient,  and  is  indeed  the  only 
efective  part  in  the  act  of  fecundation :  so  that 
whether  we  regard  it  as  a  subtle  and  elastic  vapour 
with  Grew,   and  Adanson;  or  merely  as  an  oily 
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Mk4  gfelnthious  fluid  exuding  or  exploding  fl*otii  the 
gWbttlei  Btill  it  will  ^dmit  of  beitig  eonducted 
through  the  ehMnd  of  the  tribes  of  the  style^  kh 
though  DO  central  canal  should  exist  in  it. 

But  another  question  has  also  arisen  out  of  the  Qaantitj 
subject  with  regard  to  the  quantity  of  pollen  neces-  necSaiy. 
«ary  to  efiect  impregnation.     Adanson  was  of  opi* 
nion  that  the  smallest  possible  particle^  if  conveyed 
to  the  Ovary  is  sufficient*    But  this  opinion  is  sup- 
ported by  no  proof,  and  is  even  contradicted  by  later 
observation ;   the  merit  of  having  ascS^rtained  thd 
fact  seaOis  due  to  Koelrenter,  whose  ejlp^rimenta 
Ire  decisive   of  the  question.      The  globulea  of 
poUen  coBtaioed  in  all  thd  anthers  of  an  individual 
flower  of  HUnscus  sgrietcm^  Veta  4809^  of  If  bieh 
50  or  60  at  least  were  necessary  to  effect  a  compiefe 
impregnation.     For  when  the  attempt  was  made 
witfi  a  smaller  number  the  seeds  were  not   all 
rlpenedi  though  tho^  that  wefe  ripeiied  were  |]ter- 
feet    Ten  globules  were  the  least  by  #hieh  the 
inlpr^gnation  even  of  a  single  seed  eould  be  efieeled 
in  this  plant*    But  in  the  Mirabilia  Jalapp»  taA 
UmgifloTMy  the  flowers  of  which  contained  about 
300  globuks  of  pollen^  two  or  tbrete  Wer^  found 
suflietent  foi<  impregnation,  as  the  seed  Was  not  i»- 
profed  by  the  a^Ueatiom  of  mdre«    It  waa  ak4 
fottnd  that  the  impr^ation  of  flowera  halving  tW6 
Of  iMrd  stylea  was  oosapfetely  effeetod,  6ve»  #Imsi 

*  WilMem^^  p^  363. 
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the  pollen  was  applied  but  to  one  of  them  ;  ir^hich 
shows  that  there  is  a  communication  between  all 
the  styles^  and  consequently  between  all  the 
germens. 

SECTION  II. 

Agency  of  the  Pollen. 

Admitting  that  the  pollen  is  conducted  to  the 
ovary  through  the  channel  of  the  tubes  of  the  style, 
how  after  all  is  the  ovary  fecundated ;  or  the  seed 
rendered  fertile?  On  this  subject  naturalists  have 
been  much  divided ;  and  according  to  their  several 
opinions  have  been  classed  under  the  respective  ap- 
pellations of  ovaristtj  animalculists^  and  epigene- 
sists. 

SUBSECTION   I. 

Theory  of  the  Ovarist. — ^According  to  the  opi- 
nion of  the  first  class^  the  embryo  pre-exists  in  the 
ovary,  and  is  fecundated  by  the  agency  of  the 
pollen  as  transmitted  to  it  through  the  style.  This 
Afi  main-  seems  to  have  been  the  opinion  of  Grew,  who  says 
gIS^^  ^  expressly  in  his  Anatomy  of  Plants,  that  when  the 
summits  of  the  stamens  open,  and  the  pollen  is 
discharged  upon  the  pistil,  some  subtile  and  vivifying 
effluvium  escapes ;  which,  descending  through  the 
medium  of  the  style,  impregnates  the  embryo. 
Bonnet  and  Haller  seem  to  have  been  of  the*  same 
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opinion  also,  as  well  as  many  other  eminent  nato^ 
ralists.  Bat  the  most  convincing  evidence  in  sup* 
port  of  the  opinion  of  the  ovarists  is  that  which  bis 
been  prodoced  by  Spallanzani^  as  founded  on  aSpiJlan- 
series  of  observations  on  the  flowers  of  the  Spartium  ^ 
Junceum.  This  plant  was  chosen  on  account  of  its 
producing  at  the  same  time  flowers  in  all  the  dif« 
ferent  stages  of  progress.  His  first  observations 
were  made  upon  flower  buds  not  yet  expanded: 
they  seamed  to  form  a  compact  and  solid  body; 
but  upon  being  dexterously  opened,  the  petals, 
which  were  yet  green,  were  with  some  difficulty 
discovered,  then  the  stamens,  and  then  the  pistil. 
The  powder  of  the  anthers  was  even  perceived  im^ 
bedded  in  a  glutinous  substq^ce ;  when  the  pistil 
was  freed  from  the  surrounding  integuments,  and 
attentively  viewed  with  a  good  glass,  the  pod  was  also 
discovered  of  about  1-rV  line  in  length.  Several  pro- 
tuberances were  seen  upon  its  sides;  which,  upon 
opening  it  longitudinally,  werefoundto  be  occasioned 
by  the  seeds,  which  though  but  small  globules  were 
already  discoverable,  arranged  in  their  natural  order, 
and  attached  by  filaments  to  the  interior  of  the  Pod. 
Upon  dissection,  they  did  not  exhibit  any  appear- 
ance of  the  several  parts  and  membranes  into  which 
the  mature  seed  may  be  divided ;  but  a  spongy, 
homogenous  mass.  Flowers  in  the  same  state  of 
forwardness  were  not  fully  expanded  till  twenty 
days  after.  On  dissecting  buds  of  a  larger  si»  the 
petals  were  found  to  be  somewhat  yellowish  s^id 
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kM  oompaol;  and  the  powder  ot  the  a»thefa  wat 
thTOwn  out  by  the  sKghtest  agitation;  but  the 
lobes  and  pbntlel  wc«e  not  yet  pereeptibie  in  die 
•eedf»    ^ 

On  tiie  eleventh  di^  after  the  iloimra  had  AUaa^ 
that  is,  after  impregnation  bad  taken  plaee,  Um 
seeds  wbieh  were  formerly  globular  be^n  to  a»^ 
same  the  figure  <rif  an  heart,  a^ttached  to  the  pod  by 
the  basis,  and  exhibiting  the  ajqiearaiiee  of  a  white 
point  towards  the  apey.  And  when  the  heart  wae 
eut  open  longitudiiMilly,  the  white  point  ptcned  to 
bfs  a  small  eavity  enelosing  ac  drop  of  liquid. 

On^  the  twmty^fifth  day  after  the  fiawera  had 
fallen,  the  cayity  was  raneh  enhiged  tDwaidi  die 
base ;  but  was  still  fiill  of  the  liquid,  in  the  nrndbt 
0i  whkkk  there  appeared  a  small  and  semi^tmnspnr* 
rent  body^  cyf  a  yellowisb  colour  and  gefaitiaeaa 
eonsistence,  fixed  by  its  two  wtveipities  to  the  op, 
posite  sides  of  the  eaiFity. 

In  a  mottA  after  the  iower  had  fhll^  thii  hewb- 
shaped  seeds  became  kidney-shaped. 

In  forty  dayi^  after  1^  flower  had  ftdkn,  tbs 
eavity  was  quite  filled  up  with  the  body  that  had 
been  generated  within  it;  ^nd  which  was  uqw 
found  to  consist  of  a  thin  and  tender  meoibraneen^ 
vetoping  the  two  seed-lobes,  between  wbieh  the 
pkntlet  attached  to  the  lower  extremity  wet  abo 
perceptible*  And  hence,  the  seed  was  now  Ttsibly 
complete  ia  all  its  parts. 

From  these  and  ^  vawely  of  other  obseryatiena 
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on  a  variety  of  other  species,  aH  of  which  exhibited 
^inilar  appeamnces  in  the  generation  of  fhe  seed, 
SpaUtMani  concludes  that  the  seeds  preexist  in  the 
ovafy  before  the  access  of  the  pollen,  by  wbidi 
tbey  are  merely  rendered  fertile ;  and  contends  that 
the  embryo,  though  not  previously  perceptible,  may 
yet  previoosly  exist* 

The  theory  of  the  ovarists  is  supported  also  by  G«rtaov 
Oasrtner,  who  describes  the  vegetable  egg  as  pre- 
0Xt«tiBg  in  the  ovary,  where,  inmished  with  its 
proper  integuments,  it  waits  the  fecundating  in* 
fluence  of  the  pollen  which  is  necessary  to  its  com. 
plete  deve}<^ment ;  so  that  it  requires  in  feet  the 
exertion  of  two  distinct  energies  to  bring  it  to  per- 
feotion,  the  vital  principle,  and  the  seminal;  the 
former  generating  and  organizing  die  different  parts 
of  which  the  tgg  consists  in  common  whh  the 
other  parts  of  the  plant ;  and  the  latter  communi- 
cating to  the  egg  thus  formed  a  distinct  vegetable 
life.t 

SUBSECTION  II, 

Theory  of  the  Animalculist. — But  the  theory  of 
the  ovarists  is  not  without  its  difficulties  ;  for  as  the 
embryo  is  never  found  to  make  its  appearance  till 
after  fecundation,  it  has  been  thought  that  it  must 
necessarily  pre-exist  in  the  poTIen  of  the  anther ; 
|W)m  which  it  is  conveyed  to  the  ovary  through  the 

*  Spal.  Dissert,  vol.  iii,  chap.  i.  Eng.  Trans. 
t  G«rr.  Jntro^. 
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As  origU   medium  of  the  style,  and  afterwards  matured.  This 
"hc^^u.  theory  was  founded   upon  that  of  Leuwenhoeck, 
itiionsof  ^th  regard  to  annual  generation;  which  supposes 
boeck,      the  pre-existence  of  animalcula  in  the  seminal  prin- 
ciple of  the  male  ;  the  animalcula  being  conveyed 
in  coitu  to  the  ovary  of  the  female  where  alooe 
they  are  capable  of  developement.*"     Hence  it  has 
And        been  denominated  the  theory  of  the  animalculists, 
byX'^r-    and  transferred  to  the  case  o^  vegetables  by  Mor- 
land.        j^j^j^  Needham,  Gleichen,  and  others,  who  regard 
the  pollen  as  being  a  congeries  of  seminal  phnts, 
one  of  which  at  least  must  be  conveyed  to  the 
ovary  entire  before  it  can  become  prolific. 

But  if  the  embryo  pre-exists  in  the  pollen  may 
it  not  be  detected  by  inspection  before  impregnation 
takes  place  ?  Spallanzani  examined  the  pollen  in 
its  ripe  and  perfect  state,  with  great  care,  and 
under  glasses  of  the  highest  magnifying  powers, 
but  could  distinguish  nothing  exhibiting  the  ap- 
pearance of  an  embryo.  It  may  be  said,  however, 
that  the  embryo  must  still  be  supposed  to  pre-exist 
in  the  pollen,  though  not  visible,  as  Spallanzani  has 
said  of  its  pre-existence  in  the  ovary ;  and  that  its 
invisibility  is  no  proof  of  its  non-existence*  The 
animalculists  b^ve  no  doubt  a  right  to  offer  this 
reply  ;  but  as  the  embryo  is  not  visible  whether  in 
the  ovary  or  pollen,  till  after  fecundation  has  taken 
place,  no  conclusion  can  be  drawn  on  either  side 
from  the  circumstiince  of  its  invisibility. 
•  Phil.  Trsnt.  No.  145,  p.  74. 
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But  admitting  that  the  invisibility  of  the  embiyo 
is  no  proof  of  its  non-existence  in  the  pollen,  the 
total  want  of  a  passage,  in  most  styles,  fit  to  con- 
duct the  particles  of  pollen   entire,  exposes  this 
theory  to  the  most  serious  objections,  if  it  does  not 
rather  render  the  alleged  mode  of  impregnation  al- 
together impracticable.     And  if  a  passage  of  suf- 
ficient width  were  found  to  exist  even  in  all  styles, 
still  the  probabilities  of  the  two  cases  are  in  favour 
of  the  ovarist.     For  if  the  embryo  is  to  pre-exist 
at  all,  is  it  not  more  likely  that  it  should  pre-exist 
in  the  ovary  where  it  is  to  be  brought  to  maturity ; 
than  that  it  should  first  be  generated  in  one  organ 
or  plant,  and  then  transferred  to  another  to  bedeve^ 
loped  ?     Is  it  not  also  most  extraordinary  that  the. 
embryo  should  so  invariably  assume  the  same  po- 
sition in  the  same  species  of  seed^  if  it  is  merely 
conducted  to  the  ovary  from  a  different  organ  or 
plant,  and  introduced  as  it  were  at  random  ?     And 
is  not  the  doctrine  of  the  ovarist  countenanced  from 
the  analogy  of  the  process  for  which  he  contends 
to  that  of  the  generation  of  the  animal  egg,  which 
is  produced  complete  in  all  its  integral  and  distinct 
parts  even  without  the  co-operation  of  the  male, 
though  still  destitute  of  the  principle  of  fertility  ? 
And  finally  is  it  not  further  countenanced  from  the 
£|ct  of  the  apparent  and  numerical  perfection  of 
parts   often  observable  in    the  fruit  of  insulated 
female  plants,  in  which  the  embryo  is  not  always 
wanting,  but   only  not  fecundated?    For  which 
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reasons  the  theory  of  the  orarist  seems  to  me  to  be 
much  more  consonant  to  truth  than  that  of  the 
animalculist. 

SUBSECTION    III. 

Theory  of  the  Epigenisist.-^Bxxt  the  difficulties 
inseparable  from  both  theories,  together  with  the 
phenomenon  of   hybrid   productions^   hare  given 
rise  also  to  a  third  ;  this  is  the  theory  of  the  epi^- 
nisists,  who  maintain  that  the  embryo  pre-ezisfs 
neither  in  the  ovary  nor  pollen,  but  is  generated  by 
the  union  of  the  fecundating  principles  of  the  male 
and  female  organs  ;   the  former  being  the  fluid  is- 
suing from  the  pollen  when  it  explodes ;  and  the 
latter,  the  fluid  that  exudes  from  the  surfiice  of  the 
At  da.      stigma  when  mature.     As  applicable  to  the  case  of 
l^eSeu^^  plants,  this  theory  has  been  stoutly  defended  by 
^'  Koelreuter,  who  adduces  in  support  of  it  a  vtirrefy 

of  experiments  instituted  with  a  view  to  ascertain 
the  fact  by  means  of  impregnating  the  ovary  of 
one  species  with  pollen  taken  from  another,  in 
which  cases  the  plant  obtained  fix)m  the  seed  uni- 
formly exhibited  a  combination  of  the  characters 
of  both  species.  The  following  is  a  most  promi- 
nent example,  being  the  result  of  his  experimetrts 
on  Nicotiana  rustica  and  paniculata;  the  former 
having  egg-shaped  leaves,  with  a  short  and  yelhnr 
corolla  approaching  to  green  ;  and  the  latter  having 
roundish  or  cordate  leaves,  with  a  green  corolla 
approaching  to  yellow,  and  a  stem  longer  by  oQt 


bal£i  A  flower  of  the  ibrmw  species  was  aococd^ 
iQgly  4epri¥^  of  all  its  stameM,  and  fecundated 
with  poQ^a  from  a  plant  of  the  same  species.  The 
plftnt  raised  froa  the  seed  thus  obtained  was  an 
byhrid>  exhibiting  in  all  its  parts  an  intermediate 
chametar  betwixt  the  two  species  from  which  it 
apraag.  The  stamens  of  this  hybrid^  as  well  as 
of  all  others  he  ever  raised^  were  imperfect;  but 
when  its  pistils  were  impregnated  with  pollen  from 
the  paniculata  as  before^  the  new  hybrid  obtained 
from  the  seeds  now  produced  was  more  like  a  pa- 
niculata than  formerly  ;  and  when  the  experiment 
was  continued  through  several  successive  gene- 
rations^  it  was  at  last  converted  into  a.  perfect  p^- 
niculata.* 

This  is  thought  to  be  an  infallible  demonstration 
of  the  truth  of  the  doctrine  of  the  epigenisis(s« 
But  why  may  not  the  pollen  of  one  species  of  plant 
be  allowed  to  produce  some  particular  change  upon 
the  developement  of  the  embryo  of  another  species, 
although  that  embryo  should  be  supposed  to  have 
pre-existed  in  the  ovary?  The  action  of  the  pollen^ 
thus  introduced  must  amount  to  something;  and 
it  is  just  as  difficult  to  conceive  how  an  individual 
whether  proper  or  hybrid  should  be  generated  from 
the  union  of  the  seminal  principles  of  two  plants 
of  the  same  or  of  a  different  species,  as  from  the 
peculiar  effect  of  the  pollen  of  the  same  or  of  a 
different  species,  upon  an  embryo  already  existing- 
*  WilWenow,  p.  32S. 
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But  the  doctrine  is  yet  liable  to  a  much  more  se- 
rious  objection ;  for  if  the  seed  is  generated  from 
the  union  of  two  fecundating  principles  which  form 
an  intermediate  offspring,  then  female  plants  of  the 
class  Dicscia  ought  occasionally  to  produce  seeds 
whose  offspring  shall  be  Hermaphrddite^  or  at  least 
Manteciaus,  which  was  never  yet  known  to  happen. 


SECTION  III. 
Hybrids. 

At  lAas-        Although  the  arguments  of  the  epigenisists  are 
thecx^  by  no  means  satisfactory,  yet  it  cannot  be  denied 
3^^  ®  that  hybrid  productions  'partake  of  the  properties 
g^^^'    both  of  the  male  and  female  from  which  thej 
spring.     This  was  long  ago  proved  to  be  the  fact 
by  Bradley,*  and  more  recently  confirmed  by  the 
experiments  of  Mr.  Knight;   as  well  as  happily 
converted  to  the  advantage  of  the  cultivator.     Ob- 
serving that  farmers  who  rear  cattle  improve  the 
•progeny  by  means  of  crossing  the  breed,  he  pre- 
sumed from  analogy  that  the  same  improvement 
might  be  introduced  into  vegetables.     His  prin- 
cipal object  was  that  of  procuring  new  and  im- 
proved varieties  of  the  Apple  and  Pear  to  supply 
the  place  of  such  as  had  become  diseased  and  im- 
productive,  by  bein^;  cultivated  beyond  the  period 

♦  New  Iinpr.  of  Plant,  and  Garden.  Lond.  1717. 
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which  nature  seems  to  have  assigned  to  their  per- 
fection. But  as  the  necessary  slowness  of  all  ex- 
periments of  the  kind,  with  regard  to  the  fruit  in 
question^  did  not  keep  pace  with  the  ardour  of  his 
desire  to  obtain  information  on  the  subject^  he  was 
induced  to  institute  some  tentative  experiments 
upon  the  common  Pea,  a  plant  well  suited  to  his 
purpose,  both  from  its  quickness  of  growth,  and 
from  the  many  varieties  in  form,  size^  and  colour, 
which  it  afforded.  In  17S7>  a  degenerate  sort  of 
Pea  was  growing  in  his  garden  which  had  not  re- 
covered its  former  vigour  even  when  removed  to  a 
better  soil.  Being  thus  a  good  subject  of  expe- 
riment, the  male  organs  of  a  dozen  of  its  immature 
blossoms  were  destroyed,  and  the  female  organs 
left  entire.  When  the  blossoms  had  attained  their 
mature  state,  the  pollen  of  a  very  large  and  luxu- 
riant grey  Pea  was  introduced  into  the  one  half 
of  them,  but  not  into  the  other.  The  pods  of 
both  grew  equally ;  but  the  seeds  of  the  half  that 
were  unimpregnated  withered  away,  without  having 
augmented  beyond  the  size  to  which  they  had  at- 
tained before  the  blossoms  expanded.  The  seeds 
of  the  other  half  were  augmented  and  matured  as 
in  the  ordinary  process  of  impregnation  ^  and  ex- 
hibited no  perceptible  difference  from  those  of 
other  plants  of  the  same  variety,  perhaps,  because 
the  external  covering  of  the  seed  was  furnished  en- 
tirely by  the  female.  But  when  they  were  made 
to  vegetate  in  the  succeeding  spring  the  effect  of  the 
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experitnent  was  devious.     The  plants  rose    with 
great  luxuriance,  indicating  in  their  stem^  leaves, 
and  fruity  the  influence  of  this  artificial  ioipreg* 
nation ;  the  seeds  produced  were  of  a  dark  grey* 
Bj  impregnatbg  the  flowers  of  this  varietjr  widi 
the  pollen  of  others,  the  colour  was  agaiii  changed, 
and  new  varieties  obtained  superior  in  ereiy  respect 
to  the  original  on  which  the  experiment  was  first 
made,  and  attaining,  in  some  cases,  to  a  height  of 
more  than  twelve  feet.     In  these  experiments  it 
was  observed  that  the  plant  had  a  stronger  tendency 
to  produce  coloured  blossoms  and  seeds  than  white 
ones*     For  when  the  pollen  of  a  coloured  blossoD 
was  introduced  into  a  white  one,  the  whole  of  the 
fixture  seeds  were  coloured.    But  when  the  pollen  of 
a  white  blossom   was  introduced  into  a  colouied 
one,   the   whole    of  the  future    seeds  were    not 
white.* 
^»P^^        Mr.  Knight  thinks  his  experiments  on  this  suV 
ject  aflbrd  examples^  of  superfetatbn,  a  phenomenon 
the  existence  of  which  has  been  admitted  amongst 
animals,  but  of  which  the  proof  amongrt  vegetables 
is  not  yet  quite  satisfactory.     Of  one  qpecies  of 
superfetatioii  Mr.  Knight  has  certainly  produced 
examples ;  tliat  is,  when,  by  impregnating*  a  white 
Pea  blossom  with  the  pollen  both  of  a  white  and 
grey  Pea,   white  and  gr^   seeds  were'  obtained^ 
But  of  the  otlier  species  of  superfistation  in  which 
one  seed  is  supposed  to  be  the  joint  iasne  of  two 
*  Phil.  Tnmi.  17S9. 
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males,  Ae  esample  is  inot  quite  sa^is&ctoiy.  Such 
a  prodttotiqii  is  perhiq)s  possible^  and  further  expe* 
vkneBto  may  probably  aseertain  fthe  &at  t  bot  it 
aeeras  to  be  a  matter  <s(  mere  curiosity,  and  not 
apparency  connected  with  ai^  views  of  utslvty. 
fiat  ^he  utiKty  of  the  experiments,  in  as  dar  as  they 
«how  theipractioabiiity.of  iinproviqglibe  «pecies,  is 
very  obvious.  And  the  ^ameliorating  ei&ct  is  the 
same  whether  by  the  male  or  ^female ;  as  <was  ascer- 
tained cby  impregnating  the  (largest  and  moat  tluxn- 
riant  plants  with  the  pollen  of  the  most  diminutive 
and  dwarfish,  or  the  contrary.  By  which  means 
any  number  of  varieties  may  be  obtained,  accord- 
ing to  the  will  of  the  experimenter,  amongst  whtqh 
some  will  no  doubt  be  9uited  'to  alL  soils  and  situ- 
ations. Mr.  Knight's  experiments  of  this  leind 
were  extended  also  to  wheat;  but  .not  with  equal 
success.  Vor  though*  some  vevy  good  varieties 
were  obtained,  yet  they  twere'found  not  to  be  per- 
manent. 

'But 'the  suecess  df 'his  experiments  on 'the  Apple-  Improre* 
tree  were  equal  to  his  hopes.    This  was  indeed*  his  fruiu.^ 
principal  object,  and  no  means  of  obtaining  a  suc- 
cessful bsue  were  left  untried.     The  plants  which 
were  obtained. in  this  case  were  found  to  possess  the 
good  qualities  of  both  of  the  varieties  employed, 
uniting  the  greatest  health  and  Iuxm*iance,   with 
the  finest  and  best  flavoured'fruit.* 
*  Phii;  Trans.  )79V* 
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Many  experiments  of  a  similar  nature  were  tried 
on  other  plants  also ;  from  which  it  appeared  thst 
imptbved  varieties  of  every  fruit  and  esculent  plant 
may  be  obtained  by  means  of  artificial  inipreigns- 1 
tion,  as  they  were  obtained  in  the  cases  aJraadj  | 
stated.  Whence  Mr.  Knight  thinks  that  this  pro- 
miscuous impregnation  of  species  has  been  intended 
by  nature  to  take  place^  and  that  it  does  in  fact 
often  take  place^  for  the  purpose  of  correcting 
such  accidental  varieties  as  arise  from  seed,  and  of 
confining  them  within  narrower  limits.  All  which 
is  thought  to  be  countenanced  from  the  considera- 
tion of  the  variety  of  methods  which  nature  em- 
ploys to  disperse  the  pollen^  whether  by  the  elastic 
spring  of  the  anthers,  the  aid  of  the  winds,  or  the 
instrumentality  of  insects. 

But  although  he  admits  the  existence  of  v^petable 
hybrids,  that  is^  of  varieties  obtained  from  the  in- 
termixture of  di&rent  species  of  the  same  genus, 
yet  he  does  not  admit  the  existence  of  v^etable 
mules^  that  is  of  varieties  obtained  from  the  inter- 
mixture of  the  species  of  diflferent  genera ;  in  at- 
tempting to  obtain  which  he  could  never  succeed, 
in  spite  of  all  his  effi>rts.  Hence  he  suspects  that 
where  such  varieties  have  been  supposed  to  take 
place,  the  former  must  have  been  mistaken  for  the 
latter.  It  may  be  said,  indeed,  that  if  the  case 
exists  in  the  animal  kingdom,  why  not  in  the  ve- 
getable kingdom  ?  to  which  it  b  perhaps  difficult  to 
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give  a  satis&ctory  reply.  Bat  from  the  nairow 
limits  within  which  this  intercourse  is  in  all  cases 
circumscribed,  it  scarcely  seems  to  have  been  the 
intention  of  nature  that  it  should  succeed  even 
among  animals. 


CHAPTER  VlIL 

OF  TtaS  CHAK6BS  CONSEaUEKT  UPOM  IMPRfiOKAttOlli 

Whatever  may  be  thought  of  the  different 
opinons  of  the  ovarist,  animalculist^  and  epigenesist, 
and  whichsoever  of  them  may  be  adopted  by  the 
pbytol(^cal  inquirer,  it  is  at  all  events  an  object  of 
the  first  importance  to  trace  out  the  peculiar  changes 
consequent  upon  impregnation,  as  effected,  whether 
In  the  flowers  orfruit, 

SECTIOK  t. 
External  Changes. 

At  the  period  of  the  impregoation  of  the  ovary  t>aeay  of 
the  flower  has  attained  to  its  ultimate  stage  of  per- 
fection, and  displayed  its  utmost  beauty  of  colouring 
and  richness  of  perfume.  But  as  it  is  uow  no 
longer  wanted,  so  it  is  no  longer  provided  for  in  the 
economy  of  vegetation.    Its  period  of  decline  has 

2M% 
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coinmenced;  as  fs  indicated  ^ilrst  by *thfe36cSiy 'of  tbt 
stamen's^  t*Ken  of  the  petals/ ^tid  tht^n  df  the  ca!yi» 
which  wither  and  shrink  up,  tind  "ffdklfy  "fletadi 
themselves  from  'ihe  fruit  aTtdgether/fexcdpt  ih  toiflc 
particular  cases  in  which  one  or  other  of  th^  be- 
comes permanent  and  falls  only  with  the  fruit  The 
stigma  exhibits  also  similar  symptoms  of  decay  and 
the  style  itself  often  perishes.  The  parts  contiga- 
ous  to  the  flower,  such  as  the  "bractes  and  floral 
leaves^  are  sometimes  also  affected ;  and  finally  tbe 
whole  plant,  at  least  in  the  case  of  annuals^  b^ns 
tb  exhibit  ftididatSotis  df  dfecay.  Bift  Wttlfe  kht 
Augmen.  fl6W^  *WHh^^  "and  ^fkm,  <^e  dvHtyisM^itaxAtigto 
Aew^.  iieffAJtioti,^WdIling  und  aW^merfting  ito^fee,  fed  tc- 
deivittg'fio^  ^We  nutiffhlei^  by  Whldh  <the  decky^i 
parts  Wefe  fdrtterly^sopfWrfed.  >lte  Vjflldur  *dg!D5 
to  te^me  ^  dii^jJdr  and  'rictiter  Hihgd-,  its  %ute  i$ 
also  often  altered,  and  new  parb'arfe'dWeh  ddcA9k>]> 
ally  added—wings,  crests,  prickles,  hooks,  bloom, 
"  down.  The  common  receptacle  of  the  fniit  under- 
goes also  similar  changes,  oecomingsometiaies  large 
and  succulent,  as  in  the  Fig  and  ^Itrawberry  ;  and 
sometimes  juiceles^  and  indurated^  as  in  compouDd 
flowers.    'Stich  Mfe  dfe  ejftferttil  ^ahges'idti^iknt 


If  th^  ovary  is  cut  open  as  soon  as  it  is  first  dis*  Owj  di- 
covera^le  in  the  flower,  it  presents  to  the  eye  merely  dlstinci 
a  pulpy  and  homo^eneoi^s  mass.   But  if  it  isal-^^"*' 
lowed  to.  rema^i  till  immediately  before  the  period 
of  i(;B  iomregnation^  it  will  now  be  found  to  be  di- 
visible into  several  distinct  parts,  exhibiting  an  ap- 
paratus of  qsllSf  valves,  and  n\embranes5  constituting 
the  pericarp,  and  sometiijnes  the  external  coats  of- 
the  seed,    in  this  case  the  umbilical  cord  if  also  to 
be  distinguished ;  but  the  embryo  |s  not  y^t  visible. 
These  chapig^s  therefore  are  to  be  attribi^ted  roeicely 
to  the  operation  of  the  ordinary  laws  of  vegetable 
developement,  and  ^re  npt  at  all  dependant  ^pon 
impregnation. 

But  i[mpregnation  has  no  sooner  taken  place  than  Umbilical 
its  influence  begins  ^o  be  visible ;  the  umbilical  cord,  ^  ' 
which  ^as  formerly  short  and  distended,  is  now 
generally  converted  into  a  long  and  slender  thread. 
Sometimes  the  position  of  the  seed  is  altered.  Before 
impregnation  the  seeds  of  Carj/ophyllus  aromatiqu 
and  Metrqsideros  gummifera  are  horizoptal ;  after 
impregnation  they  become  vertical.  Before  im- 
pregnation the  seeds  of  Magnolia  are  erect ;  fifter 
impregnation  they  become  inverted  and  pendulous,^ 

*  Gsrt.  De  l^mioibus.  '  * 
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pMitioa    The  figure  of  the  seed  is  often  also  altered  in  pass- 

ofth««eed*  j^^  ^^  j^  young  to  its  mature  state ;  changing 
from  smooth  to  angular,  from  tapering  to  oval,  from 
oval  to  round,  and  from  round  to  kidnejr-sfaaped. 
But  all  seeds  are  not  brought  to  maturity  of  which 
the  rudiments  may  exist  in  the  ovary.  lA^cscia 
and  Hasselquestia  produce  uniformly  the  rudiments 
of  two  seeds,  of  which  they  mature  but  one.* 

But  the  principal  changes  resulting  from  im- 
pregnation ai^  operated  in  the  seed  itself,  which, 
though  previously  a  homogeneous  and  gelatinous 
mass,  is  now  converted  into  an  organized  body^  com- 
posed of  different  membrvtnes  enveloping^  or  en- 
veloped by,  one  another 

The  tctta.  Ilic  Testa^  which  is  the  external  coat  of  the  seedi 
is  formed  from  the  original  cuticle  of  the  tiucleus, 
and  augmented  by  means  of  the  juices  conveyed  to 
it  through  the  umbilical  cord.  Hence  it  is  some- 
times  formed,  but  never  capable  of  being  detached 
from  the  mass  of  the  nucleus,  previous  to  fecunda- 
tion ;  after  which  it  is  easily,  though  not  spontane- 
ously separated,  till  the  maturity  of  the  fruit. 

Subttsti.  The  Subtesta^  which  is  the  inner  coat  of  the  seed 
and  lies  immediately  uqder  the  testa^  originates  in 
the  interior  vessels  of  the  umbilical  cord,  which  are 
prolonged  in  a  multiplicity  of  ramifications  through- 
out  the  whole  membrane,  is  soft  and  pulpy  till  the 
embryo  is  matured ;  as  the  juices  by  which  the  embryo 
is  nourished  pass  through  it.  It  is  seldom  distin^ 
*  Gaeri.  De  Serqinibus, 
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guifthable  before  impregnation ;  but  when  the 
seed  18  ripe  it  is  easily  detached  from  the  interior 
parts,  though  not  always  easily  from  the  testa. 

With  these  two  integuments  the  enclosed  nucleus 
of  the  seed  is  in  its  young  state  almost  always  fuN 
nishedy  and  is  generally  found  to  consist  of  the  four 
following  parts: — the  Chorion^  the  Jmnm,  the 
Saceulus  coUiquamenti,  and  the  Embryo;  all^  ex- 
cept Ae  chorion,  being  the  uniform  product  of  fe- 
cundation, and  all,  except  the  embryo,  often  dis* 
appearing  in  the  mature  state  of  the  seed. 

The  Chorion,  so  named  by  Malpighi,*  is  the  softTlMcho- 
and  pulpy  substance  of  the  primitive  nucleus  of  "^' 
the  seed,  forming  at  first  its  principal^'ldass ;  but 
finally  disappearing  and  leaving  no  trace  of  its  ex- 
istence behind,  being  gradually  converted  into  the 
nourishment  of  the  other  parts. 

The  Amnios  is  a  clear  and  transparent  fluid,  theTlMtiiw 
product  of  fecundation,  sometimes  thin  and  some- 
times gelatinous,  generated  and  contained  within 
the  chorion,  but  at  last  absorbed  by  the  embryo,  or 
converted  into  a  solid  substance  called  the  albumen. 

The  Saceulus  coltiquamenti  is  a  thin,  white,  andTbtiM- 

enlua  colli* 

pellucid  membrane,  originating  in  the  vessels  of  the  q^MunflDti.* 
internal  umbilical  cord,  and  being  a  proper  integu- 
ment with  which  the  amnios  is  sometimes  invested. 

Last  of  all  the  Embryo  is  produced,  the  principal  Theccof 
object  of  fecundation,  and  end  of  all  the  genital 
apparatus  occuppng  the  centre  of  the  nucleus,  but 
*  Opera  Omnis,  p.  71- 
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dfpesaing  first  in  thart  region  where  the  lutobilkal 
vestols  perforate  the  interad  membnm^  and  where 
the  saeeuhis  eoiUqaamenti  originates;   not  wliere 
the  Umhilieel  cord  enters  the  testa.    Its  Gnt  fi>r« 
mation  ekdes  the  search  of  the  keenesC  eye  aided 
by  the  best  ghaoes.    But,  by  and  by,  as  it  aug- 
ments in  size  and  solidity,  it  becomes  at  length 
visible,  in  some  plants  sooner  and  in  others   later, 
aftir  imprecation.    In  Helkmtkus  it  is  pereeptible 
on  the  third  day  after  impregnation,  but  in  Cokhi- 
cum  not  till  after  several  months.    Its  figure  is  at 
iirst  gtobttlar,  its  contexture  f^pf^  and  its  ccrfour 
ithite.    It  swims  in  the  liquor  nmmi,  firom  which  it 
derives  its  nourishmeBt,    tfeemingly  unconnected 
with  either  the  seed  or  plant ;  but  immersing  itself 
deeper  and  deeper  every  day,  and  always  in  anch  a 
position  as  to  turn  the  radicle  towards  the  exterior 
of  the  seed,  and  the  opposite  extremity  towards  the 
centre ;   which  extremity  divides  itself  into  lobes  i 
called  cotyledons^  through  which  the  nourishment 
of  the  plantlet  passes,  or    in   which  it  is  ehbo- 
rated.    At  length  the  chorion  k  exhausted,  and  the 
amnios  absorbed  or  converted  into  albumen,  and  the 
embryo  with  its  integuments  transformed  into  a  per* 
&ct  seed. 
FecuDda-       Such  are  the  phenomena,  acoording  to  die  de- 
ouB  6t  hi*  scnpti6n  of  Gtertner,*  accomfNmying  or  folbwiDg 
^fflplM.  jjjg  impregnation  of  aH  flowers  producii^  seeds, 
except  where  the  focundation  is  spurious  or  inoom*- 
^  De  Seamibiis.  latrod. 
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plete.    The  fecundation  is  spurious  when  the  ovary 
sivells  but  exhibits  no  traces  of  perfect  seed  within. 
This  often  happens  in  the  case  of  plants  producing 
berries^  as  in  that  of  the  Vine  and  Tamw*    It  is  in- 
complete when  barren  and  fertile  seeds  are  inter* 
mingled  together  in  the  same  ovavy.    This  proceeda 
from  some  defect  either  in  the  quantity  or  i)uality 
€>£  the  pollen ;  bat  rather  in  the  quality^  as  it  is  not 
always  plants  having  the  most  pollen  that  produce 
the  most  seeds.    The  two  stamens  of  the  Orchidcm 
feoundate  8000  seeds,  and   tlie    five  stamens  of 
Tobacco  fecmndate  $00;  while  the  60  stamens  of 
BarringtomOy  the  230  of  TkeOf  and  the  80  of  the 
CanfophyUi,  fecundate  only  two  or  three  ovaries. 


SECTION  m. 

Specific  Examples. 

As  the  exhibition  of  specific  examples  is  always 
the  most  edifjring^  as  well  as  generally  the  most 
pleasing,  mode  of  instruction,  I  shall  subjoin  the 
following  observations  upon  the  changes  succeeding 
impregnation  in  the  seed  and  friiit  of  several  of  our 
most  common  plants ;  that  the  reader  may  have  it 
in  his  power  to  refer  to  the  individual  case,  if  he  is 
inclined  to  repeat  the  observation. 


378  CHANGES  SUCCEEDING  IMPREGNATION.  CHAP.  VUi. 


SUBSECTION  I. 

The  Cherry. ^On  the  4th  of  May  1808,  the  6rst 
blossoms  of  a  Cherry-tree  had  just  expanded,  llie 
ovary  was  externally  egg-shaped  and  smooth,  bat 
marked  with  a  longitudinal  ridge  on  the  side  to 
which  the  pistil  bends ;  internally  it  was  a  pulpy 
and  homogeneous  mass^  not  yet  exhibiting  any 
traces  of  organization. 

On  the  8th,  a  cavity  was  discoverable  in  the  cen- 
tre of  the  ovary  by  means  of  a  longitudinal  section, 
occupied  by  two  small  vesicles,  containing  a  trans- 
parent |md  jelly-like  substance. 

On  the  12th,  one  of  the  vesicles  had  b^;un  to 
exhibit  symptoms  of  decay.  The  other  had  in- 
creased considera1>Iy,  and  formed  now  the  nucleus  of 
the  seed. 

On  the  J  6th,  the  petals  were  now  falling,  and  the 
stamens  withering  away  after  having  discharged 
their  pollen ;  but  the  pistil  was  yet  pretty  entire,  and 
the  ovary  was  about  one  fourth  of  an  inch  in  length. 
Tlie  external  part  or  pericarp,  which  was  still  green 
and  pulpy,  contained  in  its  cavity  the  nucleus  of  the 
future  seed,  of  a  white  and  gelatinous  appearance, 
considerably  increased,  together  with  the  shrunk 
vesicle  lying  between  the  nucleus  and  pericarp.  The 
tubes  and  spiral  vessels,  forming  the  umbilical  cord 
and  conducting  the  sap  from  the  fruit-stalk  to  the 
nucleus^  were  seen  by  the  assistance  of  a  microscope 
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upon  the  longitudinal  section  of  the  ovary.  The 
nucleus  was  not  easily  separated  from  the  pericarp 
without  injuring  it^  but  its  surface  was  seen  to  con- 
sist of  a  net-work  of  fibres^  being  the  ramifications, 
no  doubt,  of  the  umbilical  cord. 

On  the  I7th9  the  nucleus  was  found  to  be  separa* 
ble  from  the  pericarp.  Its  form  was  egg-shaped, 
its  colour  was  white,  and  its  surface  was  markec) 
with  a  scar  towards  the  upper  extremity  where  it 
had  been  detached  from  the  umbilical  cord.  Upon 
dissection  it  was  still  found  to  consist  of  a  net-like 
cuticle,  and  a  pulpy,  colourless,  and  transparent 
mass  contained  within  it.  The  cuticle  is  no  doubt 
the  testa  of  Gaertnerj,  or  secundina  exterior  of  Mai- 
pighi,  and  the  contained  substance  the  chorion. 

On  the  J  8th,  there  began  to  be  formed  on  the  inner 
surface  of  the  pericarp  a  sort  of  fibrous  substance^ 
or  rather  a  net-like  plexus  of  fibres  immediately  in- 
vesting the  nucleus.  This  was  the  commencement 
of  the  formation  of  the  pyrena.  The  cup,  stamens, 
and  pistil,  had  now  fallen. 

On  the  19th,  the  pyrena  had  acquired  a  consider- 
able degree  of  compactness,  and  was  in  some  indivi- 
duals distinguishable  from  the  rest  of  the  parts  on  the 
horizontal  section,  which  now  exhibited  four  dis- 
tinct and  concentric  circles ;  the  first  and  interior 
circle  being  the  line  bounding  the  gelatinous  mass 
of  the  chorion  which  occupied  the  centre ;  the 
second  being  the  coats  of  i}^^  nucleus^  which  were 
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«ov  eMily  sepanali^  from  tb^  ^hm<m;  4b^  ^jhinl 
being  the  i»yr«w;  Md  tbe  ftmrt]^  beipg  &9  piilj^ 
pecicarp^ 

Qa  ^e  aoth^  th(Q  6>i)r  co^ceu^ic  g^k^  of  the 
transverse  section  were  still  4jU9tiQO^Ij;  yt^bs^lnit  less 
eftsily  sepamt^. 

Oa  the  23d»  tb^  loBgitucjiw^l  s^etieA  «pib«bitod 
similar  appeareneea,  b^t  no  trails  of  (be  wtaiiM  or 
embryo  were  yet  p€reeptiA>Ie^  I 

Qe  the  34tb»  the  parts  wef«^  eoqsidpraUy  ^l«rgedt 
bttt  stiU  soft  and  pulpy.  Tbe  two  middle  cin^ 
were  the  firn>est;  b^t  it  was  pow  mqre  di^.cmU  to 
dotach  the  envelope  of  Abo  nuckm  frM»  th#  in- 
terior mass. 

On  the  lat  of  June^  tb^  «(;mv  mV^  wes  ^oor 
fiderably  augioented  in  size,  sind  the  pyremij  in 
some  individuals^  pretty  hard,  ^be  ^  ves^U  of 
the  fbot*stalk  were  seen  to  enter  tbs  fj/r^Hi  ^t  tbe 
lower  extremity,  and  afterwards  to  einerge  fvon^  \\s 
interior  surface  rather  above  the  wddle,  forming 
the  external  umbilical  cord  wd  terta^  or  secmdiw 
exterior  of  Malpighi,  from  the  inn^r  sur^oe  of 
which  they  were  again  seen  to  emerge  at  tbe  lower 
extremity  and  to  form  the  internal  luplnlieal  oiMrd ; 
whichj  entering  ihtchoriim  at  the  base  and  pa^fiQg 
on  in  the  direetiop  of  its  l^Pgitudinal  a^isj  term'- 
naled  ultimately  iq  tlie  sacculus  colliquctpMMti  apd 
emnioi^  now  viiit^e  for  the  ftrst  tim^  in  tbe  apex  of 
the  fkmon  ;  tb^  Mcmlw  being  appu^tly  a  pro- 
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longtiftibn  of  ite  bmbitical  cord  iMo  the  figure  dfzti 
inverted  cone,  as  described  by  Matprgfai.^ 

Oh  i!he  4d,  fee  indutatidn  of  the  pyTena  was  tebn- 
sl^eriBibly  ttdgM^tited;  and  the  sacculus  cbltiqua^ 
Vitenti  ^tAltntnioSy  ihodgfa  tiot  «Kstingui^hable  cm'Aie 
lofigitudifn^l  or  tWnSVelrse^ectidn  dfthe  'nucleus,  werfe 
yet  separable  from  the  chorion  by  means  of  m  IttAb 
mtthfptflatibn.    'The  (fmbYyoVrtLs  n6t  yrit  percejJtible. 

-On^thfe  4th,  *e*tftfabiHtel  cdrd,  'or  sticcuius,  ittc* 
teiiaing'thVttu^honl  thel^iigtli  of  ^the  chorion,  tra^ 
now  yisibte  on  the  longittidttistl  'section  for  thie'firM 
time ;  'tdgdth^r'With  the  e^frr^o  ofccUpying  the  upper 
region  df  the  amnios,  and  tntlstsuririg  about  the  -r^^ 
part  o1r  an  inth.  The  seed  Idbes  tvere  'perfecily  dis- 
tinct, res^mblrn^'li  pea(r  ckft  half  waly  down  from 
the  SLpeIc,  1>ut  swelling  It  h'ttle  where  they  utlite,  2^nd 
then  teriniriatltlg;  in  a  sm^II  point  directed  to  the 
circumference.  tThis  point  Was  the  Vadicle,  which 
began  to  assume  a  yellowish  tinge  immediately 
upon. being  exposed  to  the  air.  The  envelope  of 
the  nucleus  seemed  as  if  about  to  separate  into  two 
portions — the  testa  and  subtesta,  or  exterior  and 
interi6r  integU men ts '  of  ^Gartner. 

'On  the  5th,  'the  chorion  was  somewhat  ^runk, 
atid'the 'umbilical  fcofd  parsing  through  k  »h*id  '^to- 
turned  b  curvilinear  pdsitibn,  as  d^scrit^ -by  Mai- 
pighi.    The' embryo  measured  about  Vr  inch, 

•^Oh  the  0th,  the  rfmAr^o  iheasiirbd  about  ^^  »nch. 
Wit  Wtts  flatter  in  its  ^jipeaWtice  Hhkn  'before.  The 
"  *^Opera*  Omnia.    Dc  Sera.  Gener. 
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.      lobes  had  not  yet  separated  at  the  top ;    but  the 
umbilicus  was  less  distinct. 

On  the  10th,  the  umbilicus  was  considerably 
shrunk,  and  the  plantlet  now  separable  from  the 
cotyledons,  measuring  about  ^  of  an  inch  in  lengtfa. 
The  amnios  occupied  about  half  the  cavity  of  the 
nucleus. 

On  the  15th  the  chorion  was  much  shrunk  and 
the  cotyledons  proportionably  enlarged.  They  were 
now  pouch*shaped,  circular,  but  individually  plano- 
convex with  the  flat  sides  laid  close  together. 

On  the  20tb,  the  fruit  had  begun  to  assume  a 
reddish  hue,  the  embryo  measured  about  ^V  of  an  inch 
in  length ;  the  amnios  being  now  much  firmer  than 
before^  and  the  chorion  almost  entirely  absorbed. 

On  the  26th,  the  fruit  was  ripe ;  and  the  embryo, 
having  exhausted  the  whole  of  the  chorion  and 
amnios,  was  now  complete,  occupying  the  whole 
extent  of  the  cavity  of  its  envelopes. 

SUBSECTION  II. 

The  Pea. — On  the  4th  of  June,  1808,  when  the 
legume  of  a  flower  fully  e;cpanded  was  opened,  and 
the  nucleus  of  a  seed  cut  asunder,  it  was  found  to 
consist  merely  of  a  homogeneous  mass  of  pulp, 
measuring  about  ^  of  an  inch  in  diameter. 

On  the  8th,  when  a  legume  was  opened  of  which 
the  petals  had  just  fallen,  a  small  speck  was  ap* 
parent  on  the  longitudinal  section  dP  the  nucleus^ 
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which  proved  to  be  a  cavity  generated  in  the  oeatre^ 
the  nucleus  now  measuring  Vr  of  ^n  inch.  In  some  in- 
dividuals two  cavities  were  perceptible^  the  one  cen- 
tral, the  other  towards  the  circumference. 

On  the  lOth^  when  the  nucleus  of  a  seed  measur- 
ing about  v^  of  an  inch  in  diameter  was  cut  open^  the 
cavity,  which  was  now  considerably  enlarged^  was , 
found  to  be  filled  with  a  thin  and  transparent  fluid. 
This  fluid  was  the  amnios,  but  the  embryo  was  not 
yet  perceptible. 

On  the  13th,  when  a  legume  was  opened  which 
has  acquired  nearly  its  full  lengthy  and  of  which 
the  nucleus  measured  one  fifth  of  an  inch  in  diame- 
ter, the  embryo  was  perceptible  floating  in  the  upper 
region  of  the  amnios,  and  measuring  -^  of  an  inch  in 
length ;  the  two  lobes  being  expanded  somewhat  in 
the  shape  of  a  horseshoe,  but  without  any  apparent 
attaehment  to  the  sides  of  the  cavity.  The  radi- 
cle was  not  yet  distinguishable,  nor  the  plume- 
Jet  ;  but  there  was  a  protuberance  in  the  cleft  of  the 
lobes. 

On  the  1 5th,  when  the  nucleus  measured  one-fourth 
ofaninchindiameter,theem&ryomeasuredone«eighth. 
It  was  still  floating  in  the  fluid,  and  still  apparently 
without  any  point  of  attachment  to  the  exterior 
portion  of  the  nucleus.  The  lobes  were  much  ex- 
panded at  the  top,  resembling  individually  the  seg- 
ments of  an  egg  or  pear  bisected  longitudinally,  and 
united  by  the  small  end.  The  additional  cavity 
observed  on  the  eighth  proves  to  be  the  section  of 
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«ft^ifomtiofi^  fviiidi  or^tnatfng  at  the  scar,  and  rtm- 
iiing  B  considerable  ifay  idong  the  back  (if  "(he  seed, 
^eefns  to  be  the  'passage  through  yAntih  ihe  nutri- 
tious fluid  is  conrveyed  from  the  taniilicus  into  the 
infterior  of  the  seed.  H  the  radicle  is  not  attecfaed 
to  the  testa  at  the  extremity  of  this  perforation,  it 
,  is  atleaM  turned  towards  it. 

*On  the  !20th,  Vhen  thcTiucletiS  was' still  dbout  one 
fourth  of  an  indh  in  diameter,  and  nearly  globular,  the 
embryo  occupied  about  one  half  the  cavity.  Th& 
lobes  were  now  approaching,  and  the  radidle^  with 
its  integument,  was  seen  projecting  in  the  form  of  a 
conical  protuberance  from  their  point  of  union.  The 
plumelet  was  not  yet  visible. 

^On  the  22d,  when  the  nucleus  measured  about 
one  third  of  an  inch,  the  cotyledons  occupied  al- 
most the  whole  of  the  cavity.  The  lobes  were  nearly 
united;  and  the  radicle,  with  its  integument  wbich 
projedted  dbout  v^  of  an  inch*  in  the  form  of  a  conical 
protuberance,  was  curved  in  *the  line  of  the  cir- 
cumference  of  the  lobes.  The  plumelet  was  now 
also  discernible,  split  into  several  divisions  at  the 
top  and  lodged  between  the  lobes,  but  'forming  a 
9ort  of  cavity  in  one  6f  them  of  about  ^V  <>f  an  inch  in 
length. 

'On* the  25th,  when  the  seed  had  attained  to  its 

^fiill  size,  the  lobes  were  completely  united  ;  and  the 

embryo  occupied  the  whole  of  the  cavity  of  the 

envelope ;  t}>e  radicle  measuring  one  eighth  of  an 

inch,  and  the  plumelet  Vv 
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SUBSECTION  III. 

fVheat. — On  the  iDth  of  June,  1808,  when  the 
spike  was  yet  wholly  invested  with  the  sheathing 
part  of  the  leaf^  the  anthers^  which  were  closely  in- 
vested with  a  corolla^  were  yet  green  and  pulpy,  and 
measured  about  ^  of  an  inch  in  length ;  the  filaments 
-were  not  quite  so  long.  The  nectaries  measured 
aibout  ^of  an  inch  in  length.  The  styles,  which  were 
not  yet  expanded,  formed  by  their  union  a  sort  of 
cone  upon  the  top  of  the  ovary,  and  measured  about 
^V  ^^^^  i>^^h  ^°  length.  The  ovary,  which  was  besides 
crowned  with  a  fine  down,  measured  about  ^  of  an 
inch  in  length.  It  had  assumed  something  of  its  tuiv 
ban*shaped  figure,  and  the  convex  and  furrowed  sides 
were  readily  distinguishable.  When  cut  open  with 
the  knife  it  presented  the  appearance  of  a  white  and 
pulpy  mass,  seemingly  homogeneous ;  but  when  in- 
spected more  minutely  it  was  found  to  contain  a 
csentral  globule  of  a  looser  texture  and  darker  colour, 
measuring  about  the  -ri-v  P&rt  of  an  inch  in  diame- 
ter.   This  globule  was  the  chorion  of  Malpighi. 

On  the  ISth,  when  the  spike  was  half  extricated^ 
the  anthers  exhibited  nearly  the  same  appearance  as 
before ;  but  the  filaments  were  now  equal  to  ibem  in 
length.  The  nectaries  were  -,V  of  ^n  inch  in  length, 
plump  and  bulging  at  the  base,  and  finely  fringed 
with  down.  The  styles  were  somewhat  expanded. 
The  ovary^  which  now  measured  about  -^  of  an  inoh| 
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was  a  white  and  fleshy  mass,  but  slightly  tinged 
with  green  where  it  invests  the  contained  globole, 
which  is  now  more  viscid. 

On  the  flCXb,  when  the  spike  was  compkte/j  ex- 
trkated,  the  anthers  were  be|^nniag  to  cfasnge  U 
yellow*  They  wei«  now  about  one  siscth  of  mn  inch  ifi 
length  and  the  filaments  twice  as  long.  Some  of 
tb«i  had  shed  their  pollen^  of  which  thousands  of 
partieles  were  found  adhering  to  the  expanding 
styles.  The  nectaries  were  somewhat  shrunk  at  tk 
base.  The  cvary  exhibited  more  of  green  on  the 
inner  sor&ce.  The  enclosed  globule  or  chorim  wis 
fts  before. 

On  the  a^th^  when  the  polka  was  shed  and  tbe 
styles  beginning  to  fade,  the  nedtary  scaleis  weit 
nsiseh  sbrmk.  The  evary>  now  ^  of  an  inch  is 
lengthy  was  thick  and  lesa  fleshy  m  ks  contexture. 
The  green  sabstancs  is  a  film  lining  its  interior  sur- 
face.   The  Enclosed  globule  somewhat  enlmrged. 

On  the  6th  of  July,  when  the  ovary  mea^uiPed  one 
eighth  of  an  inch  and  had  assumed  an  obk>ng  figure, 
the  green  film  was  detanfaable  from  its  inner  surface, 
seeming  to  be  formed  of  an  expansion  of  the  umlH- 
Hcfll  cord.  The  enclosed  globule  measured  ^  of  an 
inch,  and  was  now  se|)araUe  into  an  envelope  and  a 
thin  and  colourless  fluids  into  which  the  jelly^^Kkc 
substances  of  the  former  stages  hid  been  converted. 
Berhaps  this  should  now  be  caUed  theMiifio^ 

On  the  lOth,  when  ^the  nectaries  were  now  shrunk 
into  thin   0<»iles    flrioged  with   hair^    the  ovary 
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measued  about  one  fifth  of  ap  iaeb^  aod  wa«  tlso  miieb  , 
jihrunk ;  being  fkow  instead  of  a  thick  and  fle«by 
/nass  only  a  thin  and  fibrous  envelope.  Tb^  gi^^oj^ 
film  that  foFmerly  adhered  to  the  inner  wria^  pf 
the  ovary,  and  w^s  detached  ffofn  it  with  difficul^^ 
is  pow  perceptible  even  thfloi^  the  ovAry^  mA 
begins  ta  adhere  to  tbft  nucleuif  #bijch  is  ati)l  a  <^ear 
fluid  endowed  in  it$  proper  enyelopei  md  UA^  so 
much  globular  in  its  figune  a9  oval^  tapsring  Jto  » 
smaU  point  at  tb^  baae.  .r 

On  the  14th^  when  the  tmLty  mMsur^  about 
one  fourth  of  an  inch,  the  fluid  of  the  nuckus  ivu  )»- 
ginning  to  h^  conVierted  into  aliunmii  within.  iAs 
proper  envelope,  to  which  Ishegceen  fiHn'  adheiw, 
but  from  which,  aBwdiasfrom  the  waTy,it:niay 
jeadily  he  detached  though  not  alwag^  entire,  heidg 
of  a  very  slender  teictui^.  Its  €ejk>ut  ia  less  4^ 
cidedly  grecsn,  except  at  tb^  lursow,  wJber^  it  orig^ 
nates  in  the  umbilical  /corri.  IW  emtryoSs  ndt  yet 
perceptible. 

On  the  20th,  when  the  ovbry  had  augDaetttad 
considerably  in  width,  the  length  being  as  befitmr, 
and  the  nucfew  had  bcfn  coi^vertad  almost  entiDdy 
into  a  soft  albumen,  the  enoibryo  wias  at  laai  dia- 
coverable*  in  tb€  base  of  the  i&ieleus,  but  scarcely  dis- 
tinguishable into  its  seroral  parts  ;  the  whsle  mea* 
suring  only  -sV  ofan  inch  by  ttt  a'  *«  broadest  part. 
.  On  the  ^tth,  when  the  seed  iwas  swoHen  to 
nearly  its 'foil  star,  4le^  thme  envefopes  were  still 
very  dtstiont.    The  puter  ieftvflope  m  what  was  the 
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«  ovary ;  tiie  middle  envelope  is  the  green  film,  now 
changing  to  brown ;  the  inner  envelope  is  the  pro- 
per integument  of  the  albumen.  The  albumen  is 
now  ptMy  firm  ;  the  emhryo  plainly  distinguisb- 
able  into  its  radicle,  plumelet,  and  scale^like  appen- 
dages, whether  vitellus  or  cotyledon ;  the  scale 
being  ^  of  an  inch  in  length,  the  plantlet  Vv* 

On  the  28th,  when  the  seed  was  now  at  its  full 
size^  being  more  than  one  fourth  of  an  inch  in  length, 
the  nectary  scales  were  still  adherent  to  the  base  of 
the  ovary ;  but  shrunk  to  a  thin  membrane,  tbou^ 
tetaining  their  fringed  borders.  The  green  film  was 
now  more  closely  united  to  the  inner  envelope. 
The  embryo  was  also  very  distinctly  seen  by  means 
of  removing  the  envelopes,  and  easily  extricated 
ftom  the  albumefh  on  the  surface  of  which  it  is  ac- 
cumbent.  It  measured  together  with  its  scale-like 
vitellus  ^  <^an  inch  in  length  by  Vr  ^^  breadth.  The 
vitellus  does  not  seem  to  be  very  correctly  discribed 
by  calling  it  a  scale,  or  at  least,  not  completely  de- 
jcribed ;  for  at  the  base  of  the  scale  and  continuous 
with  its  substance,  there  may  now  be  seen  project- 
ing  a  sort  of  little  bag  or  pocket  with  an  upright 
flap  in  front,  in  which  the  radicle  of  the  embryo  is 
lodged,  and  oiit  of  which  the  plumelet  protrudes 
itself  accumbent  on  the  upper  part  of  the  scale. 

On  the  1st  of  August,  when  the  seed  seemed 
nearly  ripe,  and  the  scale  measured  ^  of  an  inch  in 
length  by  ^  in  breadth,  the  plumelet  had  increased 
considerably  hi  ajze,  filling  up  almost  the  whole  of 
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the  area  of  the  upper  portion  of  the  scale.  The 
upright  flap  of  the  pocket  ii  distinctly  visible^ 
from  wbieh  the  tme  radicle  may  now  be  disengaged 
with  a  little  dexterity  of  manipulation^  though  only 
by  means  of  tearing  the  plaiHlet  ftom  the  scale  at 
the  collar. 

On  the  4tb,  when  the  seed  Seemed  to  be  quite 
fipcy  the  green  film  after  changing  to  a  pale  brown 
had  disappeared  by  insinuating  itself  into  the  inner 
envelope,  or  adhering  to  it  so  closely  as  to  be 
separable  from  it  only  by  scraping  it  oflf  in  small 
fragments.  The  plumelet  filled  up  the  area  of  the 
upper  portion  of  the  scale  entirely.  The  rudiments 
of  the. lateral  fibres  were  now  visible  in  the  form  of 
small  protuberances  issuing  from  the  collar,  one  on 
each  side  the  flap.  And  when  the  plantlet  was  cut 
open  at  the  collar,  several  small  globules  were  dis^ 
coverable,  which  are  perhaps  destined  to  become 
future  stalks.  The  embryo  and  albumen  were  firm 
and  compact^  and  in  the  course  of  a  day  or  two 
the  Wheat  was  cut  down. 


The  Hazel-nut. ^On  the  SOth  of  June,  1808,  the 
most  advanced  ntrts  were  about  one  third  of  an  inch 
in  length.  When  the  nut  was  cut  in  two,  the putamen, 
t^hich  was  of  a  greenish  colour,  but  somewhat  firm 
at  the  apex^  was  found  to  contain  the  chorion^  ^> 
white  and  succulent  mass,  resembling  the  pith  of 
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the  Elder  $  through  which  the  umbilical  cord  was 
9een  passing  in  the  ilire6tion  of  itt  axis,  and  having 
ittached  to  it,  near  the  apex,  a  small  gelatinous 
gl^Milte  on  each  side  of  about  -^  of  an  inch  in 
diameter*  There  wereittro  inciiwent  itsr^/ei  mnular  to 
the  two  small  bags  found  in  the  young  Cherry. 
V  On  tbe  14th  of  July  appearances  were  much  as 
be^H^  With  the  exception  of  that  of  a  small  cavity  ge- 
nerated in  ^he  centre  of  the  gelatinous  globules ;  and 
a  sort  of  netnwork  of  fibres  orerspreadhig  their  sor- 
face*    In  some  cases  three  nudei  were  visible. 

Oa  the  2fitb,  the  nut  seemed  nearly  at  its  full 
Moe.  The  chorion  was  now  more  firm;  but  the 
ambilidal  cord  was  less  distinctly  visible.  It  was 
visible,  however,  on  die  horizontal  section,  as  a 
small  speck  in  the  centre ;  and  also  on  the  loogitn- 
dinal  section  neak*  the  apek  where  the  nuclei  were 
attached  to  it ;  of  which,  one  only  was  in  a  thriving 
state,  the  other  being  somewhat  shrunk.  The 
healthy  one,  wbicbwas  somewhat  eg^shaped,  mea* 
sured  ^V  of  an  inch  in  length,  and  was  white  and  full 
of  veins  on  the  surface.  When  cut  asunder,  it  was 
found  to  consist  of  a  pretty  thick  coat  enclosing  a 
watery  fluid.  This  fluid  Was  no  doubt  the  amnios, 
but  the  embryo  was  not  yet  visible<, 

On  the  2d  of  August  the  pr^ress  of  developed 
ment  was  as  follows: — ^In  a  nucleus  or  kernel 
measuring  -jL^  of  an  inch,  the  embryo  was  just  visi- 
ble together  with  its  two  lobes,  occupying  the  upper 
|>art  of  the  cavity,  and  measucing  abpiat  the 


paf*  of  ih  indk  it  9fBS  iturmmded  ^vith  «  cl^tt 
aMi  tmnspanst  ifluidNpwthe  ^mtDiM.  In  ^nuckus 
measuring  one  sixth  of  an  inch^  the  embryo  mea-  ^ 
sured  -rV*  In  a  nucleus  measuring  one  fifth,  the 
embryo  meiuur^  -iV-  The  surrounding  substance 
waa  QQw  gelatinous;  Jj9^  some  closes  b^Eth  tbfi  §m€lei 
seemed  t9  be  iajfiregiiiuted  and  w^e  OQntijiuing  t^ 
tbriw.;  and  it  is  known  tliey  do  sovietimet  both 
r^pea,  as  msiy  be  seen  in  the  course  of  cracking  ^ 
g<KKl  many  m|ts«  Jn  the  largar  sfiecimeBs  the  veins 
were  very  09n«pic«oua. 

.  Oo  the  .l$tb»  m^ny  nuts  had  attained  to  nearly 
tbeir  Ipll  siae.  In  90^  specimen  in  Mrbtch  tlp» 
nuclem  n^pasumd  one  foui^h  of  an  inch  ift  leogtbj 
the  oMtar  env^c^pe  now  full  of  veins,  ivas  not  «a£ly 
scfiaiiited  from,  the  under  envelgpe,  though  b^th 
\9ere  easily  separated  from  the  ODtyledpns»  which 
measured  s^MNit  one  0fth  of  an  inch^  having  the  re* 
maipder  of  the  amnios  lodged  between  them  at  the 
topj  but  atill  gelatinous  and  attached  to  the  cpats* 
The  pieatlet  measured  tbnut  ^  of  an  inch. 

In  another  specimen  in  which  the  mtcie^s  nea»* 
surod  abo«it  one  thiid  of  an  ipcti>  the  ramsinder  <^  t^ 
amnion,  which  was  still  gelatinous,  was  now  wholly 
witjbm  the  cMt  of  the  lobes^  9ud  Joc^ged  in  a  aoit  of 
hollojw  pear  the  (tfM* 

In  a  third  specimen  in  which  the  kernel  seemed 
nearly  ripe,  the  a/m^^  bi<l  totally  disarppeajped^  e^ 
espt  a  thin  BXkd  memhranaceotts  ^Ips^  whi^  iros 
Btill  S4^rable  from  the  ^:otyledpns»    Th^.KwlNU^ 
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cord  was  now  also  very  distinct,  as  well  as  tlie  mark 
which  it  had  occasioned  on  the  sai&oe  of  the  kerad. 


SUBSECTION    V. 

General  Remarks. — ^In  the  above  examples  the 
process  of  the  developement  of  the  vegetable  em- 
bryo will  be  found  to  be  analogous  to  that  of  the 
developement  of  the  animal  embryo,  according  to 
the  observation  of  Malpighi  and  Gaertnen  In 
tracing  the  progress  by  means  of  the  repeated  in- 
spection of  the  ovary,  the  chorion  is  found  to  be 
first  developed ;  then  the  umbilicus  pervading  the 
centre  of  the  chorion^  and  expanding  at  the  ex- 
tremity into  the  sacculus  colliquamenti;  then  the 
amnios,  which  after  being  elaborated  in  the  charUm^ 
is  conveyed  by  the  umbilicus  to  the  sacculus ;  and 
lastly  the  embryo^  occupying  the  upper  region  of 
the  ai7ini04«— -at  first  a  mere  pbint  incapable  of  being 
distinguished  into  its  several  parts,  but  by  and  by 
exhibiting  the  rudiments  of  root,  stem,  and .  leaf, 
together  with  its  cotyledons  or  seed-lobes,  between 
which  the  ammos  penetrates^  and  hence  reaches  the 
embryo. 

Malpighi  is  of  opinion,  however,  that  the  ammos 
is  augmented  and  the  embryo  nourished,  not  merely 
by  means  of  die  nutriment  that  passes  through  the 
umbilicus;  but  also  by  means  of  the  juice,  of  the 
chorion  which  penetrates  through  the  sacculus  col- 
SguamefUi  and  90  reaches  the  embryos  because  ia 
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some  ]ibkiit8  there,  ts  no  visible  umKUeus  passing 
through  the  chorion  and  forming  a  sacctUm  for  tiaie 
amnios,  an  example  of  which  we  have  seen  in 
lYheat^  and  which  Malpighi  exemplifies  in  the 
Ltamrel  ;*  though  in  this  example  I  think  there  must 
have  been  some  mistake. 

On  the  SOth  of  June^  1806,  the  appearances  of  the 
ovary  of  the  common  Laurel  of  the  gardens^  Zaurus 
noiiUs,  were  as  follows: — ^The  amnios  had  just  made 
its  appearance  in  theupper  region  of  thecAorion  which 
now  resembled  a  mass  of  transparent  jeUy.  There 
was  no  umbiiicus  visible  upon  the  mere  inspection 
of  the  chorion  even  with  all  its  transparency.  But 
when  the  chorion  was  laid  open  by  means  of  care« 
ful  dissection,  in  the  direction  of  its  longitudinal 
axis,  the  umbilicus  was  now  discernible  adhering  to 
the  lower  extremity  of  the  amnios.  On  a  transverse 
section  the  chorion  was  also  evidently  perforated  in 
the  direction  of  its  axis.  This  seemed  at  first  to 
have  been  the  perforation  of  its  umbilicusr  but  was 
found  at  last  to  be  merely  the  canal  through  which 
^it  passed.  It  seemed  impractibable  to  extricate  it 
(entire ;  it  was  90  very  tender. 

On  the  6th  of  July,  I  succeeded  at  last  in  ex- 
tricating it  entire,  together  with  the  amnios^  when 
the  ei^temal  umbilical  cord  was  also  equally  visible 
passing  from  the  ovsry  into  the  nucleus.  As  I  ef-* 
fected  this  extrication  in  many  specimens,   I  can 

*  In  lauro  iidem  occarrant  huinores  ooncreti  duUo  tam^o  iu- 
isrcedcDte  aiobiiico.    Anst.  Plant,  p.  58« 
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htre  no  doabt  of  the  exastenoe  of  aa  umUUcus  ia 
the  cAorJon  of  the  liaurel. 


CHAPTER  IX. 

THE   PROPAGATION   OF  THE   SPECIES. 

As  the  life  of  the  vegetable^  like  that  of  tiie  anioial, 
is  limited  to  a  definite  period^  and  as  a  cootmued 
supply  of  v^etables  is  always  wanted  for  the  sup- 
port both  of  man  and  beast,  nature  has  taken  care 
to  institute  such  means  as  shall  secure  the  multiply- 
tug  and  perpetaatittg  of  the  species  in  all  possible 
cases ;  art  has  invented  others  for  the  use  and  ac« 
commodalion  of  man^  and  fancy  has  imagined  more. 

SECTION  1. 

Equivocal  Generation. 

It  was  long  a  i^gar  error,  countenanced  ev««i  by 
the  philosophy  of  the  times,  that  vegetables  do  <^h 
qpring  up  from  the  accidental  mixture  of  pMrid 
water  and  earth,  or  other  putrid  wbetances,  in  the 
manner  of  what  was  called  the  eqoirocal  generatioa 
of  animals;  or  at  the  %'ery  least,  that  the  earth  con- 
tains the  principle  of  vegetable  life  in  itself,  which 
in  oi;der  to  4evelope  it  is  only  necessary  to  expose 
to  the  action  of  the. air.    The  former  alternatire  of 
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the  ^ror  ha»  been  iong  ago  refuted^  and*  as  I  believe 
eradicated,  no  onte  now  conteviding  ibr  the  doctrine 
of  y^etable  generation  firom  putrefaction :  bat  the 
latter,  though  it  has  been  alto  refuted,  has  not  yet 
lost  itb' hold  of  the  minds  of  the  unlearned,    TheAvui^pir 
farmer  still  believes,  and  will  still  tell  you,  that  the  ^"'^"  *^' 
earth  throughout  its  whole  mass  teems  with  the 
rudiments  of  vegetables,  or  at  least  of  all  such  as  he 
18  not  under  the  necessity  of  cultivating,  which  it 
will  deveiope  without  any  seed  if  only  exposed  to 
the  action  of  the  air ;  alleging  in  support  of  his 
opinion  that  earth  dug  up  from  any  depth  and 
thrown  in  heaps  on  the  surface,  will  immediately 
begin  to  sead  up  young  plants,  though  no  seed  has 
beea  sowa  upon  it.    But  the  fallacy  of  this  argu- 
ment is  easily  exposed,  for  in  the  first  place  the 
roots  of  such  plants  as  are  near  to  it  will  extend 
themselves  around  its  edges,  and  make  encroach- 
ments upon  the  lower  part  of  it ;  and  in  the  next 
place  the  seeds  of  plants,  whether  near  or  at  a  dis- 
tance, will  be  conveyed  to  it  by  the  winds,  by  cattle, 
or  l^  birds,  and  so  furnish  the  upper  part  of  it,  so 
that  the  argument  is  good  fer  nothing.     Let  the 
experiment  be  made  where  the  earth  shall  be  per- 
fectly insulated,  except  from  light,  air,  and  water, 
and  let  the  result  be  marked.     This  was  done  long  Refuted 
ago  by  Malpighi,  who  having  procured  some  earth  pfghi* " 
that  had  been  dug  up  irom  a  great  depth,  enclosed 
it  in  a  glass  vessel  over  the  mouth  of  which  he 
spread  several  folds  of  silk,  so  as  to  admit  air  and 
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water ;  but  to  exclude  all  wch  small  seeds  as  migfat 
be  wafted  on  the  winds:  the  result  was  that  no 
plant  came  up.* 

In  the  summer  of  1811,  I  had  an  opportooit^  of 
making  some  similar  experiments  on  earth  obtainedt 
from  a  considerable  depth  by  the  di^ng  of  a  well 
at  Purleigh,  near  Maldon,  in  the  county  of  £ssex- 
On  the  15th  of  April  I  exposed  a  lump  of  this 
earth,  being  chiefly  a  black  clay  taken  frooi  the 
depth  of  1(X>  feet,  to  the  action  of  the  air  and 
weather,  and  to  the  operation  of  such  other  contin- 
gencies as  might  occur :  it  was  placed  upon  a  slate 
in  one  of  the  quarters  of  my  garden.  On  the  10th 
of  May  I  placed  another  lump  tak^i  irom  the  depth 
of  150  feet  upon  a  slate  also,  but  undisr  a  hand-glass, 
which  was  removed  only  to  give  it  an  occasional 
watering.  No  symptoms  of  vegetation  appeared  in 
either  the  one  or  the  other  till  the  3d  of  September 
following,  when  several  plants  were  found  in  a  state 
of  protruding  their  seed  leaves  from  the  surface  of  the 
exposed  clay,  and  one  also  from  the  surface  of  the  in- 
sulated clay;  the  former  proved  afterwards  to  be  plants 
of  Senecio  vulgaris^  or  Common  Groundsel,  which 
was  now  coming  up  from  seed  all  over.the  garden, and 
hence  easily  accounted  for :  the  latter  proved  to  he 
a  plant  of  Ranunculus  sceleratus,  the  seed  of  which 
was  undoubtedly  brought  to  the  clay  along  with 
the  water  it  was  watered  with,  which  came  from  a 
pond  at  no  great  distance,  round  the  edges  of  which 
*  Anat.  Plant. Pars  Altera,  p.99^ 
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the  plant  was  springing  up  in  great  plenty  from 
seeds  previously  dispersed,  which^  as  they  float 
long  on  the  surface  of  the  water,  could  not  but  have 
mixed  more  or  less  with  the  portion  conveyed  to 
the  clay.  This  presumption  is  grounded  upon  the 
fact  that  a  number  of  other  plants  of  the  same 
species  were  coming  up  in  other  parts  of  the  garden 
that  were  watered  from  the  same  pond ;  while  in 
the  exposed  clay  which  never  was  watered  except 
by  rains  or  dews,  no  such  plant  was  found :  hence 
it  follows  equally  as  from  the  experiment  of  Malpi- 
ghi,  that  the  earth  produces  no  plant  without  the 
intervention  of  a  seed,  or  of  some  other  species  of 
ifegetMe  germe  deposited  in  it  by  nature  or  by  art. 


SECTION  IL         ' 
Seeds. 

Whxk  the  seed  has  reached  maturity  in  the  due  Their 
and  regular  course  of  the  developement  of  its  several  ^rofusbn, 
parts,  it  detaches  itself  sooner  or  later  from  the 
parent  plant,  either  singly  or  along  with  its  pericarp, 
and  drops  into  the  soil,  where  it  again  germinates 
and  takes  root,  and  springs  up  into  a  new  individual. 
Such  is  the  grand  means  instituted  by  nature  for 
the  replenishing  and  perpetuating  of  the  vegetable 
kingdom ;  the  wisdom  and  efficacy  of  which  will 
equally  appeiar  whether  we  regard  the  great  fertility 
of  vegetables  in  general,  and  incalculable  fertility  of 
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some  species  in  paiticiilar^  as  has   been    siweadj 
stated ;  *  or  the  care  with  which  natore  has  jMrovided 
for  the  dispersion  of  the  ripened  seed. 
And  dli^       If  seeds  were  to  fall  into  the  soil  merely  hy  droppiog 
pcrsion,    ^^^^  g^jjj  the4>lant,  then  the  great  mass  of  them 
instead  of  germinating  and  springing  up  inte  distinct 
plants^  would  tend  only  to  putrefaction  fusd  decay ; 
to  prevent  which  consequence  nature  haa  adapted  a 
variety  of  the  most  efficacious  contrivances^  aU  tend- 
ing to  the  dispersion  of  the  seed. 
By  the         The  first  means  I  shall  mention  is  that  of  the 
of  the  peri-  elasticity  of  Uie  periotrp  of  many  fruits,  by  which  it 
^^^        opens  when  ripe  with  a  sort  of  sudden  spring,  ejeel- 
ing  the  seed  with  violence,  and  throwing  it  to  aome 
considerable  distance  from  the  plant.     This  may  be 
exemplified  in  a  variety  of  cases ;  the  seeds  of  oats 
when  ripe  are  projected  from  the  calyx  with  such 
violence,  that  in  a  fine  and  dry  day  you  may  even 
hear  them  thrown  out  with  a  slight  and  sudden  snap 
in  passing  through  a  field  that  is  ripe«     Tha  pericarp 
of  the  Dorsiferous  Ftrus  is  furnished  with  a  sort  ^ 
peculiar  elastic  ring,   intended  as  it  wo^ld  i)ppear 
for  the  very  purpose  of  projecting  the  seeds.    The 
capsules  of  the  Cucumber,  Geranium^  Gmm$  '^^ 
Frao'inelta,  discharge  their  seeds  also   when  rip^ 
with  an  Mastic  jerk.     But  the  pericarp  of  linfiafieiUj 
which  consists  of  one  cell  with  ^ve  vajves^  exihibitfi 
perhaps  one  of  the  best  examples  of  this  mode  of 
dispersion.   If  it  is  accidentpUy  touched  whieo  ripe 

*  Book  i.  chtp  iii. 


it  will  immedifttely  burst  open,  while  the  valves, 
coiling  themselves  up  in  a  spiral  form  and  springing 
from  the  sCeo^  discharge  the  contained  seeds  and 
scatter  them  all  around. 

The  bursting  of  the  pericarp  of  some  species  of 
Pines  is  also  worthy  of  notice.  The  pericarp, 
which  is  a  cone,  remains  on  the  tree  till  the  sum- 
mer  succeeding  that  on  which  it  was  produced,  the 
scales  being  still  closed.  But  when  the  hot  weather 
bas  commenced  and  continued  for  some  time,  so  as 
to  dry  the  cone  thoroughly,  the  scales  open  of  their 
•own  aooord  with  a  sudden  jerk,  ejecting  the  con* 
tained  seeds :  and  if  a  number  of  them  happens  to 
burst  together,  which  is  often  the  case,  the  noise  is 
anch  as  to  be  heard  at  some  considerable  distance^ 
This  crackling  noise  was  observed  and  traced  to  a 
fir-tree,  namely  Pmia  PmM,  at  Rendlesham  Par* 
sonage,  on  July '14th,  1808,  by  two  young  gentle* 
men,  my  pupils,  who  thought  the  tree  was  bewitclied 
till  tbe  cause  of  the  noise  was  pointed  out  to  them. 

The  twisted  awn  of  Avemt  fatua^  or  Wild  Oat,  By  the 
as  well  as  that  particularly  of  Geranium  cicutariumj  *'^"' 
and  some  others,  seems  to  have  heteo  intended  for 
the  purpose  of  aiding  the  further  dispersion  of  tbe 
aead,  after  being  dischai|(ed  from  tbe  plant  or  peri<- 
oarpL  This  spiral  awn  or  spring,  which  is  beset  with 
a  multitude. of  fine  and  minute  hairs,  possesses  the 
property  of  oontracting  by  meaiM  of  drought,  and  of 
azpaadiog  by  means  of  moisture.  Hence  it  remains 
of  necessity  in  a  perpetual  state  of  contraction  or 
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dilatation^  dependant  upon  change  of  weather ;  from 
'  which,  as  w^ll  as  from  the  additional  aid  of  the  fine 

faairsj  which  act  as  so  many  fulcra,  and  cling  to  what- 
'  ever  object  they  meet,  the  seed  to  which  it  is  attached 
is  kept  in  continual  motion  till  it  either  germinates 
or  is  destroyed.* 

The  awn  of  Barley,  which  is  beset  with  a  multi- 
tude of  little  teeth  all  pointing  to  its  upper  ex* 
tremity,  presents  also  similar  phenomena.  For  when 
the  seed  with  its  awn  falls  from  the  ear  and  lies  flat 
upon  the  ground,  it  is  necessarily  extended  in  its 
dimensions  by  the  moisture  of  the  nighty  and  con- 
tracted by  the  drought  of  the  day.  But  as  the  teeth 
prevent  it  from   receding  in   the  direction  of  the 
point,  it  is  consequently  made  to  advance  in   the 
direction  of  the  base  of  the  seed,  which  is  thus  often 
carried  to  the  distance  of  many  feet  from  the  stalk 
on  which  it  grew.     If  any  one  is  yet  sceptical  with 
regard  to  the  travelling  capacity  of  the  awn,  tet  him 
only  introduce  an  awn  of  Barley  with  the  seed  upper* 
most  between  his  coat  and  shirt  sleeve  at  the  wrist, 
when  he  walks  out  in  the  morning,  and  by  the  time 
he  returns  to  breakfast,  if  he  has  walked  to  any 
great  distance  he  will  find  it  up  at  his  arm*pit  This 
journey  has  been  effected  by  means  of  the  continued 
motion  of  the  arm,  and  consequently  of  the  te^  of 
the  awn  acting  as  feet  to  carry  it  forward. 

-  It  is  obvious,  however,  that  the  modes  of  dis* 
persion  now  stated  can  never  carry  the  s6ed  to  any 

*  Withering  Arniiig.  vol.  ii.  p.  6lO. 
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great  distance ;  but  where  distance  of  dispersion  is 
required^  nature  is  also  furnished  with  a  resourte. 
One  of  the  most  common  modes  by  which  seeds  are 
conveyed  to  a  distance  from  their  place  of  growth 
is  that  of  the  instrumentality  of  animals. 

Many  seeds  are  thus  carried  to  a  distance  from  By  the  id- 
the  place  of  growth  merely  by  their  attaching  them^  [j'^^^^* 
selves  to  the  bodies  of  such  animals  as  may  happen  •°*"*'*' 
accidentally  to  come  in  contact  with  the  plant  in 
their  search  after  food;  the  hooks  or  hairs   with 
which  one  part  or  other  of  the  fructification  is  often 
furnished  serving  as  the  medium  of  attachment^  and 
the  seed  being  thus  carried  about  with  the  animal 
till  it  is  again  detached  by  some  accidental  cause^ 
and  at  last  committed  to  the  soil.    This  may  be 
exemplified  in  the  case  of  the  Bidens  and  Myosotis, 
in  which  the  hooks  or  prickles  are  attached  to  the 
«eed  itself;  or  in  the  case  of  Galium  aparine  and 
others,  in  which  they  are  attached  to  the  pericarp; 
or  in  the  case  of  the  Thistle  and  Burdock,  in  which 
they  are  attached  to  the  general  calyx. 

Many  seeds  are  dispersed  by  animals  in  conser 
quence  of  their  pericarps  being  used  as  an  animal 
food.  This  is  often  the  case  with  the  seeds  of  the 
Drupe,  as  Cherries^  Sloes,  and  Haws,  which  birds 
often  carry  away  till  they  meet  with  some  con- 
venient place  for  devouring  the  pulpy  pericarp 
and  then  drop  the  stone  into  the  soil.  And  so  also 
fruit  is  dispersed  that  has  been  hoarded  up  for  the 
winter,  though  even  with  the  view  of  feeding  on  the 
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seed  itself,  as  in  the  case  of  nuts  hoarded  up  hr 
Squirrels,  which  are  often  dispossessed  by  aome  other 
animal,  that  not  caring  for  the  hoard  scatters  and 
disperses  it.  Sometimes  the  hoard  is  deposited  in 
the  ground  itself,  in  which  case  part  of  it  is  generaliy 
found  to  take  root  and  spring  up  into  plants.  But 
it  has  been  observed  that  the  Ground  Squirrel  often 
deprives  the  kernel  of  its  germe  before  it  deposits 
the  fruit  it  collects ;  which  it  has  been  supposed  to 
do  from  some  peculiar  instinct  as  the  means  of  pre- 
venting the  germination  of  the  seed.  It  has  been 
suggested,  however,  that  the  preference  thus  given 
to  the  embryo  arises  perhaps  from  its  possessing 
some  specific  flavour  peculiarly  agreeable  to  the 
animaVs  taste ;  and  this  is  perhaps  the  true  solution 
of  the  question.*  Crows  have  been  also  observed 
to  lay  up  acorns  and  other  seeds  in  the  holes  of 
fence-posts,  which  being  either  forgot  or  acci- 
dentally thrust  out,  fall  ultimately  into  the  earth 
and  germinate. 

But  sometimes  the  seed  is  even  taken  into  the 
stomach  of  the  animal^  and  afterwards  deposited 
in  the  soil,  having  passed  through  it  unhurt.  This 
is  often  the  case  with  the  seed  of  many  species  of 
berry,  such  as  the  Miseltoe,  which  the  thrush 
swallows  and  afterwards  deposits  upon  the  boughs 
of  such  trees  as  it  may  happen  to  alight  upon.  The 
seeds  of  the  Loranthus  americdntis,  another  parasiti* 
cal  plant,  are  said  to  be  deposited  in  like  manner  on 
•  Barton's  Elem*  of  Bot,  p.  2:iS. 
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[  the  branches  of  the  Cocoloba  grandiflora^  and  other 
lofty  trees  ;*  as  also  the :  seeds  of  Phytolacca  de-^ 
candria,  the  berries' of  which  are  eaten  by  the 
robin,  thrush,  and  wild  pigeon.  And  so  also  the 
seeds  of  Currants  or  Roans  are  sometimes  deposited 
after  having  been  swallowed  by  blackbirds  or  other 
birds,  as  may  be  seen  by  observing  a  Currant- 
bush  or  young  Roan-tree  growing  out  of  the  cleft  of 
another  tree,  where  the  seed  has  been  left,  and  where 
there  may  happen  to  have  been  a  little  dust  c^ollected 
by  way  of  soil ;  or  where  a  natural  graft  may  have 
been,  effected  by  the  insinuation  of  the  radicle  into 
some  chink  or  cleft.  It  seems  indeed  surprising 
that  any  seeds  should  be  able  to  resist  the  heat  and. 
digestive  action  of  the  stomach  of  animals;  but  it  is 
undoubtedly  the  fact.  Some  seeds  seem  even  to  re- 
quire it  The  seeds  of  Magnolia  glauca  which  have 
been  brought  to  this  country  are  said  to  have  generally 
refused  to  vegetate  till  after  undei^oing  this  process, 
and  it  is  known  that  some  seeds  will  bear  a  still 
greater  degree  of  heat  without  any  injury.  Spallan- 
zani  mentions  some  seeds  that  germinated  after 
having  been  boiled  in  water :  and  Du  Hamel  gives 
an  account  of  some  others  that  germinated  even 
after  having  been  exposed  to  a  degree  of  heat 
measuring  285^  of  Fahrenheit. 

In  addition  to  the  instrumentality  of  brute  ani- 
mals in  the  dispersion  of  the  seed  I  might  add  also, 
that  of  man,  who  for  purposes  of  utility  or  of  orna- 
*  Burton's  Elem.  of  Bot  p.  232.        f  Ibid.  p.  234* 
2  D  2 
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ment,  not  only  tmnsfBrt  to  his  native  soil  seeds  m- 
digenous  to  the  most  distant  regions,  but  sows  and 
cultivates  them  with  care.  But  this  view  of  the 
subject  I  will  leave  to  the  reader*s  own  veflecdoas, 
and  hasten  to  the  other  modes  of  diapersion  insti- 
tuted by  nature ;  one  of  the  most  eflfective  of  which 
i&  that  of  the  ageiu^  of  winds. 
By  the  Some  seeds  are  fitted  for  this  mode  of  dispersion 

^nS.  ^  ffom  their  extreme  minuteness,  such  as  those  of  the 
Mosses,  Lichens,  and  Fungi,  which  float  invisibly 
on  the  air  and  vegetate  wherever  they  happen  to 
meet  with  a.  snitable  soil.  Others  are  fitted  for  it  by 
Ql^ans  of  an  attached  wing,  as  in  the  case  of  die 
Fiir*4ree  and  Liriedendron  tulipifera^  so  that  the 
sioed  in  falling  from  the  cone  or  capsule  is  imme- 
diait^y  caught  by  the  wind  and  carried  to  a  distance. 
Othera  are  peculiarly  fitted  for  it  by  means  of 
their  being  fbmished  with  an  aigrette  or  doivn^  as 
in  the  case  of  the  Dandelion,  Goat'sAieard,  and 
Thistle,  as  well  as  most  plants  of  the  class  Synge- 
nesia;  the  down  of  which  is  80>  large  and  light  in 
proportion  to  the  seed  it  supports,  that  it  is  wafted 
on  the  most  gentle  breeze,  ahd  often  seen  floating 
through  the  atmosphere  in  great  abundance  at  the 
time  the  seed  is  ripe. 

Others  are  fitted  for  this  mode  of  dispersion  by 
means  of  the  structure  of  their  pericarp,  which  is 
also  wafted  aJkMig  with  them,  as  in  the  case  of  Sta* 
pfmfiea  trifoUa,  the  inflated  capsule  of  which  seems 
as  if  obviously  intended  thus  to  aid  the  dispersion  of 
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the  oontained  seed  by  its  exposing  to  ihe  wind  a 
large  and  distended  sarface  with  but  little  weights 
And  so  also  in  the  case  of  the  Maple,  Elm,  and 
Ash,  the  capsules  of  which  ore  furnished,  like  some 
seedfi,  with  k  membranous  wing,  which  when  they 
separate  from  the  plant  the  wind  immediately  lay* 
hold  of  and  drives  before  it. 

Finally,  a  further  means  adopted  by  nature  forAirenaod 

the  dispersion  of  the  seeds  of  vegetables  is  that  of  ^f^J^. 

the  instrumentality  of  streams,'  rivers,  and  currents 

of    the    ocean.     The    mountain-stream  or  torrent 

washes  down  to  the  valley  the  seeds  which  may 

accidentally  fall  into  it,  or  which  it  may  happen  t6 

sweep  from  its  banks  when  it  suddenly  overflows 

them.    The    broad  and    majestic  river,    winding 

along  the  extensive  plain,  and  traversing  fhe  conti* 

nents  of  the  world,  conveys  to  the  distance  of  many 

hundreds  of  miles  the  seeds  that  may  have  vegetated 

at  its  source.     Thus  the  southern  shores  of  the  Baltic 

are   visited  by  seeds  which  grew  in  the  interior 

of  Germany,  and  the  western  shores  of  the  Atlantic 

by  seeds  that  have  been  generated  in  the  interior 

of  America.    But  fruits  indigenous  to  America  and 

the  West  Indies  have  sometimes  been  foutid  to  be 

swept  along  by  tlie  currents  of  the  ocean  to  the 

western  shores  of  Europe.    The  fruit  of  Minma 

scandensy  Dolichos  pruriens,   Cruiiindina  bonduCy 

and  Jnacardmn  occidentalCf  or  Cashe^i^-not,  fasnre 

been  thus  known  to  be  driven  across  the  Atlantic 

to  a  distance  of  upwards  of   2000  miles:    and 
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although  the  fruits  now  adduced  as  examples  are 
•  not  such  as  could  vegetate  on  the  coast  on  which 
they  were  thrown,  owing  to  soil  or  climate ;  yet  it  is 
to  be  believed  that  fruits  may  have  been  often  thus 
transported  to  climates  or  countries  favourable  to 
their  vegetation. 


SECTION  III. 

Genis. 

Gemt  dii-  Though  plants  are  for  the  most  part  propagated 
l^mMedk  l>y  means  of  seeds,  yet  many  of  them  are  propa- 
gated also  by  means  of  gems;  which  have  been 
already  defined,  in  as  far  as  their  definition  could  be 
given  without  a  direct  reference  to  the  mode  of 
their  generation,  as  being  distinct  from  that  of  the 
seedy  but  which,  till  after  the  discussion  of  the  sub- 
ject of  vegetable  sexuality,  it  was  pehaps  premature 
to  introduce.  What  then  are  the  essential  marks 
by  which  gems  are  to  be  distinguished  from  seeds  ? 
The  following  are  the  discriminations  of  Gsertner  :♦— 
First  The  first  and  most  essential  marks  by  which  the 

gem  is  to  be  distinguished  from  the  seed  is  that  of 
its  being  formed  without  the  intervention  of  a  sexual 
apparatus ;  and  iperely  by  the  agency  of  the  vital 
and  organizing  principle  of  the  plant.  Gsrtner 
describes  it  as  originating  in  what  he  calls  the  flesh 
of  the  plant)  which  he  does  not,  however,  accurately 
^  Introd.  de  Senunibus. 
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define,  calling  it  the  pitb^  loosely  speaking ;  though 
in  the  case  of  woody  plants  it  is  plain  that  he  means 
by  it  the  alburnmn,  as  he  says  all  buds  are  rooted 
in  that  substance  which  is  under  the  inner  bark^ 
and  form  with  it  one  body. 

Secondly,  the  gem  is  distinguished  from  the  seed  Second 
as  consisting  chiefly  of  a  pith,  and  having  no  divi- 
sions internally  into  distinct  parts,  similar  to  the 
albumen  vitellus  and  cotyledons  of  the  seed ;  nor 
any  proper  integuments  externally ,  similar  to  the 
Testa  and  Subtesta  of  the  seed  ;  but  merely  a  bark 
modifying  the  medullary  substance,  and  giving  it 
its  external  and  proper  form :  which  bark  consists 
either  of  the  indurated  substance  of  the  granule 
itself;  or  of  divisions  of  the  cellular  tissue  adhering 
to  it,  as  in  the  Propago ;  or  of  the  bark  of  the 
parent  plant  by  which  the  granule  has  been  en- 
veloped,  as  in  the  Gongylus ;  or  of  the  inner  bark 
forming  a  permanent  part,  or  outer  bark  forming 
only  a  temporary  appendage,  as  in  the  case  of  the 
bud  and  bulb. 

Thirdly,  the  gem  is  also  often  distinguished  from  Third 
the  seed  by  means  of  its  appendages,  the  theca  and 
involucrum,  or  sheath  and  involucre ;  which  origi* 
nate  in  the  bark  of  the  parent  plant.  The  sheath  is 
peculiar  to  some  species  of  Propago,  and  is  a' vessel 
containing  a  number  of  individuals,  which  it  retains 
for  a  certain  time,  and  then  disperses ;  as  may  be 
exemplified  in  the  genus  Marchantia.  The  invo- 
lucre is  peculiar  to  compound  gems,  it  consists  of 
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one  or  more  4!ortical  «caleMi,  which  defend  the  tender 
gem  and  are  attached  to  it  only  by  the  hase.  In 
buds  it  is  deciduous,  in  bulbs  it  is  permanent :  but 
it  does  not  form  a  complete  envelope,  being  always 
open  at  that  part  where  the  gem  is  to  burst  out ;  or  if 
shut,  it  is  shut  only  by  the  over-lapping  of  its  parts. 

Fourth  Lastly^  the  gem  is  distinguished  from  the  seed  in 
its  mode  of  developement.  The  integuments  of  the 
seed  perish  after  germination,  but  the  covering  or 
appendages  of  the  gem  do  not  They  are  incor- 
porated into  the  substance  of  the  new  plant,  as  in 
the  Propago  and  Gongylus ;  or  at  least  they  con- 
tinue to  vegetate  along  with  it,  as  in  the  case  of  the 
scales  of  the  bulb.  The  gem  sends  out  a  number  c^ 
-^small  roots  formed  from  the  bark,  and  but  seldom 
one ;  while  the  seed  sends  out  one  main  root  only 
from  the  pre-existing  radicle,  and  but  seldom  more 
than  one.  In  the  gem,  the  interior  part  is  first 
formed  and  then  the  appendages  or  covering;  in 
the  seed  the  integuments  are  first  formed,  and  then 
the  embryo  appears. 

Definitioo  If  the  scope  of  the  above  distinctions  is  taken  into 
egem.  ^^  {account  the  definition  of  the  gem  will  then  be 
as  follows: — ^The  gem  is  an  organi^d  substance 
bursting  from  the  surface  of  the  plant  without  the 
aid  of  sexual  apparatus,  or  previous  fecundation; 
and  developing  its  parts  either  by  forming  a  con- 
tinued extensioj^L  of  the  parent  plant;,  or  by  detaching 
itself  from  the  parent  plaint  altogether,  and  forining 
a  new  individv^U 
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This  definition  is  obviously  i^pliesUe,  in  one  The  bulb, 
alternative  or  otber^  iK>th  to  the  bud  and  bulb;  by 
which  last  it  is  well  known  that  the  species  is  ofleu 
propagated^  as  in  the  very  common  case  of  bulbous 
rooted  plants.  If  the  bulb  of  a  Snow-drop  or  Lily 
is  taken  up  when  the  season  of  flowering  is  past  and 
deprived  of  its  external  coats  or  scales^  the  rudiments 
of  young  bulbs  will  be  discovered  lurking  at  the 
base  of  the  scales  in  the  form  of  small  buds,  though 
some  moy  perhaps  be  found  ferther  advanced  and 
ready  to  burst  their  integuments ;  which  after  they 
have  ultimately  done,  they  then  detach  themselves 
from  the  parent  bulb  altogether  and  form  new  indi- 
viduals. Such  is  the  mode  of  the  propagation  of  the 
radical  bul^. 

.  But  the  species  is  also  often  propagated  by  meai;is 
of  the  caulinary  bulb.  This  bulb  generally  appears 
in  the  axil  of  the  leaves,  as  in  Dentaria  bulbifera 
(PI.  III.  VoL  10,  and  Lilium  bulbiferum.  At  first 
it  seems  a  sort  of  knob  or  tubercle ;  but  by  and  by  . 
it  is  a  bulb,  often  separating  spontaneously  from  the 
parent  plant  and  taking  root  in  the  soil.  In  some  of 
the  alliaceous  plants  the  caulinary  bulb  is  very  cornn 
mon,  and  is  produced  at  the^  origin  and  between  the 
spokes  of  their  umbels.  Among  gardeners  they  are 
known  by  the  name  of  Cloves. 

Some  plants  produce  a  sort  of  bulb  even  in  the 
midst  of  their  spike  of  flowers,  which  detaching 
itself  from  the  parent  plant  strrkes  root  and  forms 
also  a  new  in(|ividi|«l.    Such  arp  Polygonum  vivir 
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parum  and  Pou  alpina;  and  as  plants  of  this  kind 
are  mostly  alpine,  it  has  been  thought  to  be  an  in- 
stitution or  resource  of  nature  to  secure  the  propa- 
gation of  the  species  in  situations  where  the  seed 
may  fail  to  ripen. 

The  bud.  The  bud  though  it  does  not  spontaneously  de- 
tach itself  from  the  plant  and  form  a  new  individual, 
will  yet  sometimes  strike  root  and  develope  its 
parts  if  carefully  separated  by  art  and  planted  in 
the  earth :  but  this  is  to  be  understood  of  the  leaf- 
bud  only,  for  the  flower-bud  if  so  treated  always 
perishes.* 

But  the  species  may  sometimes  be  propagated 
even  by  means  of  the  leaves ;  as  is,  I  believe,  the 
case  with  the  leaves  of  the  Orange,  Aloe,  Sea-onion, 
and  some  species  of  Arum,  which  if  carefully  de- 
posited in  the  soil  will  grow  up  into  new  plants, — by 
virtue,  no  doubt,  of  some  latent  gem  contained  in 
them  ;  in  which  case,  as  well  as  in  all  of  the  preced- 
ing cases,  the  propagation  of  the  species  is  obviously 
effected  by  means  of  a  principle  different  from  the 
seed,  which,  botanists  generally  designate  by  the  ap- 
pellation of  the  gem. 

The  ptoN       But  this  is  not  so  obviously  true  in  the  case  of 

pa^  and  "^ 

gf>ngylu8.  the  Propago  and  Gongylus — ^the  simple  gems  of 
Gaertner ;  because  it  has  been  contended  that  they 
are  still  but  seeds.  Gaertner,  however^  excludes 
them  entirely  from  the  rank  of  seeds  upon  the  fore- 
going grounds,  and  maintains,  in  opposition  to  the 
•  Mirbel  Phys.  Vcg.  voL  i.  p.  «20. 
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opintom  Hedwig  and  others,  that  several  tribes  of 
vrhat  are  usually  denominated  cryptogamous  plants 
are  propagated  solely  by  gems. 

The  Lichens,  according  to  Gaertner,  are  of  this 
description ;  that  which  is  usually  regarded  as  their 
fieed  being  merely  a  powdery  propago  bursting  from 
the  surface  of  the  plant,  and  vegetating  without 
changing  its  form.  Hedwig,  after  Adanson,  con* 
tends  indeed  that  the  granules  immersed  in  the 
scutell^e  of  the  Lichens  are  true  seeds.  But  it  is  to 
be  recollected  that  all  Lichens  are  not  furnished  with 
scutelia^  nor  all  scutelUd  with  granules ;  and  much 
less,  consequently,  with  a  sexual  apparatus. 

The  Fungi  also,  according  to  Gaertner,  are  all 
gemmiferpus,  having  no^es^ual  organs,  and  no  pollen 
impregnating  a  gerrae.  In  the  genus  Lycoperdon 
the  gelatinous  substance  that  pervades  the  cellular 
tissue  is  converted  into  a  proliferous  powder;  in 
Clavaria  the  fluid  contained  in  the  cavities  of  the 
plant  is  converted  into  a  proliferous  jpowder  also : 
and  in  the  Agarics,  Hydnum,  and  Boletus^  vesicles 
containing  soboliferous  granules  are  found  within 
the  lamina,  pores,  or  tubes.  Hedwig,  on  the  con* 
trary,  ascribes  to  the  Fungi  a  sexual  apparatus, 
and  maintains  that  the  pollen  is  lodged  in  the  volva. 
But  here  it  is  to  be  recollected  as  in  the  cases  of  the 
scutellae  of  the  Lichens,  that  all  Fungi  are  not  fur- 
nished with  a  volva,  and  ocmaequently  not  fumis^ied 
with  pollen. 

The  Conferva  and  Ulva,  together  with  the  ge- 
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nera  Blasia  and  Riccia,  are  also,  according  to 
GflBrtner^  propagated  only  by  gems;  while  Afar- 
chantiay  Anthocerosy  Jungermanmoj  mnd  Zyco/^er- 
dan  are  said  to  be  propagated  both  by  genua  and 

seeos* 

ChAllenge      Such  18  the  sum  of  the  theory  of  Gsertner^  wlio 

of  Gcrt-  .  • 

ntr.         adds*— If  it  be  said  that  these  granules  are  not  gems 

but  seeds^  let  it  be  proved  that  they  have  the  usual 
integuments  of  seeds :  and  if  it  be  said  that  they  are 
exceptions  to  the  general  rule,  and  are  iseeds  tbou^ 
destitute  of  the  usual  integuments,  let  it  be  proved 
that  the  plants  produdng  them  we  furnished  with 
sexual  organs. 
Accepted       The  challenge  thus  held  out  to  the  Cryptogamist 
^     "^^'  has  been  accepted  by  M.  Corr£a  de  Serra^^^  at  least 
with  regard  to  the  proscribed  genera  of  submersed 
Alg(B  ;  which  he  has  endeavoured  to  restore  to  the 
rank  of  seed-bearing  plants.     The  true  Fuci  were 
admitted 'by    Gaertner   to    produce    perfect  seed, 
though  only  upon  the  Adansonian  notion  of  vege- 
table Aphroditum ;   but  the  Ceramiums,  together 
with  the  Ulva  and  Conferae  were  regarded  as 
producing    gems    merely,   and  on    the   following 
grounds  :^- 

1.  Because  in  the  Ctramums  and  Ulv^e  the 
grains  are  solitary,  are  not  contained  in  a  proper 
uterus,  and  are  consequently  without  a  placentatiom 

2.  Because  in  germinating  they  leave  no  coat 
.    behind. 

•  PbtL  Trans.  1796' 
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3.  Because  io  dke  CmfenxB  two  or  inore  of 
tliom  often  coalesce,  and  yet  form  but  one  indi* 
vidnal. 

In  reply  to  the  first  ailment,  Mr.  Corr£a  main* 
tains  tiiat  the  grains  of  the  Ceramiunu  and  Uhne 
are  precisely  similar  to  those  of  the  true  Fud^  en* 
closed  in  2l  uterus  enveloped  with  a  soft  and  juicy 
substance^  aCBxed  no  doubt  by  some  placentation, 
furnished  with  a  proper  skin^  and  disengi^ng  them* 
selves  from  the  parent  plant  at  the  period  of  their 
maturity,  though  Gsnner  says  only  by  the  plant's 
decay. 

In  reply  to  the  second  argunient  Mr.  Corr£a  does 
not  pretend  directly  to  controvert  the  iaet  which  he 
seems  to  think  no  observation  can  accurately  asoer* 
tain^  but  merely  the  principle  by  which  it  has  been 
supposed  that  no  substance  can  possibly  be  a  seed 
unless  it  has  a  eoBt  to  leave  behind  it  in  germinating, 
and  that  no  substance  can  be  a  gem  if  it  has  one ;~ 
a  principle  arising,  as  he  thinks^  out  of  the  supposed 
analogy  between  the  seed  of  vegetables  and  ^gs  of 
animals,  or  between  the  gem  and  the  living  fbetus : 
but  gems,  as  he  jEtsserts,  do  sometimes  leave  a  coat 
behind  them,  as  in  the  scales  of  the  bud ;  and  eggs 
have  sometimes  no  coat  to  leave,  as  in  the  spawn  of 
Frogs. 

In  reply  to  tlie  third  argument  be  contends  that 
its  scope  is  precisely  the  reverse  of  that  alleged  by 
Gartner,  because  it  is  known  that  in  the  case  of  the 
coherence  of  other  acknowledged  gems,   the  one 
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always  prores  abortive  and  fidls^  tending  only  to 
nourish   the  otb^r;    but  in  the  case  of  the   ad- 
herence of  other  acknowledged  seeds,  as  in  that  of 
Daka,  LagaciUy  Ha»selguesiia<,  and  others,  the  abor- 
tive seed  does  not  Fall,  but  still  continues  adherent. 
.  Having  thus  pulled  to  pieces  the  hypothesis  of 
Gaeptner,  the  next  object  of  Mr.  Corr£a  is  to  es- 
tablish his  Own — ^namely^  that  the  mucous  substance 
surrounding   the  grains  of  the  plants  in  question 
h  a  true  pollen.    If  this>  he  adds,  is  found  to  be 
contrary  to  the  character  of  the  pollen  of  terrestrial 
plants,  so,  it  should  be  remembered,  is  the  medium 
through  which  it  has  to  pass;  and  if  it  should  be 
said  that  th^  pollen  of  some  aquatics,  such  as  P<h 
tamogeton  and   Vallusneria  is  still  powdery,  it  is  to 
be  TOcoUected  that  their  flowers  emerge  above  water 
at  the  season  of  fecundation  ;  or  if  there  are  any 
aquatics  which  do  not  emerge  and  have  yet  a  powdery 
pollen,  it  should  be  recollected  that  the  process  takes 
place  wholly  under  cover,  as  in  the  case  of  Zostcra,  in 
which  the  flower  is  situated  in  the  cavity  of  the  stem, 
and  docs  not  open  till  fecundation  is  over :  and  even 
in  plants  vegetating  in  the  open  air,   nature  em- 
ploys   various    expedients  to   preserve   the  pollen 
from  wet 

But  it  is  not  absolutely  necessary  that  the  pollen 
should  be  farinaceous  even  in  terrestrial  plants,  or 
rather  it  is  known  and  acknowledged  that  this  is  not 
always  so.  In  the  Orchidea  it  consists  of  a  mass  of 
solid  particles,  assuming  in  the  aggregate  a  sort  of 
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waxy,. appearance;  in  some  of  the  CantortiB  it  i$ 
viscid;  and  in  most  of  tl]|e  Apocynea  it  is  almost 
altc^ther  a  fluid.  But  if  this  is  the  case  even  with 
some  terrestrial  plants^  mijich  more  with  aquatics 
vegetating  in  a  medium  so.  ill  adapted  to  the  trans- 
mission of  a  farinaceous  pollen.  It  follows,  there- 
fore, that  the  mucilaginous  vesicles  of  the  submersed 
Alg(B  surrounding  the  uterus  are  anthers  furnished 
with  pollen,  and  that  the  grains  by  which  they  are 
propagated  are  perfect  seed,  the  flowers  being  thus 
Hermaphrodites  :  which  conclusion  is  further  coun- 
tenanced by  the  fact  that  the  parts  here  alluded  to 
are  merely  temporary,  the  grains  after  fecundation 
increasing  and  Anally  disengaging  themselves,  and 
the  mucous  substance  totally  disappearing,  as  in 
plants  with  conspicuous  flowers. 

Such  is  the  view  of  the  subject  ofiered  by  Mr.Ita 
Correa,  extremely  perspicuous  indeed,  and  almost 
convincing.  But  it  must  at  the  same  time  be  ob- 
served that  in  his  reply  to  the  first  of  Gaertner's 
arguments  he  adduces  no  examples  in  proof  of  his 
assertions ;  and  does  not  even  pretend  to  have  dis- 
covered the  placentation  of  the  grains ;  but  merely 
concludes  that  they  must  be  so  affixed.  In  his 
reply  to  the  second  argument  of  Gaertner  I  am  not 
at  all  satisfied  that  the  case  is  correctly  stated. 
Because  although  the  scales  of  the  bud  are  indeed 
left  behind,  yet  they  do  not  at  all  come  under  the 
notion  of  proper  integuments  as  understood  by 
Gsertner ;  but  merely  of  an  exterior  covering  or 
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appendagt  not  necessarily  included  in  the  notion 
of  the  gem.  And  if  the  account  of  zoologists  is 
true,  the  eggs  of  frogs  arc  corered  with  a  proper 
integument  independant  of  what  Mn  Corr^  calls 
their  mucous  albumen^  which  they  unquestionably 
leave  behind.  In  conaequence  of  which  I  cannot 
think  that  Mr.  Corr£a  has  established  the  point 
for  which  he  contends. 


SECTION  IV. 

Runners. 

RcKKEna  are  young  shoots  issuing  from  the 
collar  or  summit  of  the  root,  and  creeping  along 
the  surface  of  the  soil ;  but  producing  a  neir  root 
and  leaves  at  the  extremity,  and  forming  a  new 
individual,  by  the  decay  of  the  connecting  link. 
£xempli-  This  takes  place  in  a  great  variety  of  herbs,  but 
Strtw*  particularly  the  Strawberry  whicli  is  a  good  ex- 
^'^'  ample,  and  from  the  root  of  which  a  number  of 
creeping  shoots  are  protruded  in  the  course  of  the 
summer,  extending  like  the  radii  of  a  circle  to  the 
distance  of  eight,  ten,  or  twelve  inches  or  more ; 
and  then  striking  root  towards  the  extremity  and 
producing  a  new  individual  which  in  the  following 
year  becomes  wholly  separated  from  the  parent,  by 
the  decay  of  the  connecting  link,  and  sends  out 
also  new  runners  in  its  turn. 
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SECTION  V. 
Slips. 

As  the  process  of  raisinf^  perennials  from  seed  is 
very  slow,  gardeners  have  discovered  or  invenied 
several  ways  of  expediting  the  propagation  of  the 
species  by  means  of  artificial  aid.  For  it  has  been 
ibund  that  if  a  young  shoot  or  branch  is  cut  off 
with  the  knife^  and  then  planted  in  the  soil,  it  will 
in  many  cases  still  continue  to  vegetate,  sending  out 
roots  below  and  branches  above,  and  forming  a  new 
individual.  Blit  this  mode  of  propagation  should  An  exten- 
perhaps  be  regarded  after  all  as  an  extension  of  the  ^^t  ^  * 
old  plant,  rather  than  as  the  generation  of  a  new  P'*"** 
one ;  though  it  serves  the  purpose  of  the  cultivator 
equally  well  as  a  plant  raised  from  seed,  with  the 
additional  advantage  of  bearing  fruit  ibudi  sooner. 
It  will  not  succeed,  however,  in  all  plants  indiscri- 
minately; but  it  succeeds  extremdy  well  io  the 
case  of  Currants,  Gooseberries,  and  Viiaes ;  as  ako 
in  that  of  the  Willow  and  Poplar,  of  which  yw 
can  scarcely  knock  a  stake  into  the  ground  thnt 
will  not  strike  root.  The  shoot  thus  detached  from 
the  plant,  and  placed  in  the  soil  is  deiiomiBated  a 
slip* 

But  how  is  the  root  generated  wlgocb  the  slip  The  root 
thus  produces  ?    If  the  trunk  of  a  tree  is  lopped,  nuld.^ 
and  all  its  existing  buds  destroyed,  then  there  will 

VOL.  n.  ft  £ 
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be  protruded  from  between  the  wood  and  bark  a 
sort  of  protuberant  lip  or  ring  formed  from  the 
proper  juice^  and  from  which  there  will  spring  a 
number  of  young  shoots.  And  if  a  root  is  taken 
and  lopped  it  will  in  like  manner  send  out  new- 
roots.  But  the  formation  of  the  root  in  the  case  of 
the  slip  is  effected  in  the  same  maaner,  the  mob* 
ture  of  the  soil  encouraging  the  protrusion  of  buds 
at  and  near  the*  section  ;  the  bud  that  would  have 
been  converted  into  a  branch  above  ground  being 
converted  into  a  root  below. 


SECTION  \X 

Layers. 

Artificial.  Ikstead  of  cutting  off  a  portiou  from  the  parent 
plant  altogether,  in  the  manner  of  a  slip,  gardeners 
frequently  select  a  branch  and  bend  it  down  to  the 
ground^  till,  a  part  of  it  can  be  laid  in  the  soil ;  the 
summit  being  still  exposed  to  the  air,  and  the  whole 
being  yet  connected  to  the  stem  by  the  inferior  part 
cS  the  branch.  When  the  branch  is  thus  treated, 
the  portion  that  is  laid  in  the  soil  strikes  root  and 
elevates  a  new  stem  from  the  original  summit  of 
the  branch,  which  is  now  denominated  a  layer,  and 
converted  into  a  new  individual  by  detaching  the 
branch  wholly  from  the  original  stem.  This  mode 
of  propagation  is  practised  upon  trees  that  are  de- 
licate and  which  cannot  readily  be  propagated  b^ 
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means  of  slips ;  in  which  case  the  root  is  generated 
nearly  a&in  the  former^  the  soil  stimulating  the  pro- 
trusion of  buds  which  are  converted  into  roofs. 
But  in  many  plants^  such  as  the  Curraiit  andNatanl. 
Laurel,  this  is  altogether  a  natural  process  effected 
by  the  spontaneous  bending  down  of  a  branch  to 
the  surface  of  the  soil. 


SECTION  VII. 

Suckers. 

Many  plants  protrude  annually  from  the  collar 
a  number  of  young  shoots,  encircling  the  principal 
stem  and  depriving  it  of  a  portion  of  its  nourish- 
ment, as  in  the  case  of  most  fruit-trees.  Others  Exempli* 
send  out  a  horizontal  root,  from  which  there  at  la8t£|j„'°„^ 
issues  a  bud  that  ascends  above  the  soil  and  is  con-  ^y^nga. 
verted  into  a  little  stem,  as  in  the  case  of  the  Elm* 
tree  and  Syringa.  Others  send  out  a  horizontal 
shoot  from  the  collar  or  its  neighbourhood;  or  a 
shoot  that  ultimately  bends  down  by  its  own  weight 
till  it  reaches  the  ground,  in  which  it  strikes  root 
and  again  sends  up  a  stem,  as  in  the  abovemen* 
tioned  case  of  the  Currant  Bush  and  Laurel.  The 
two  former  are  called  suckers  or  offsets,  though  the 
term  offset  should  perhaps  be  restricted  to  the 
young  bulbs  that  issue  and  detach  themselves  an- 
nually from  bulbous  roots.  The  latter  is  not  desig- 
nated by  any  particular  name,  bttt  may  be  regarded 
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as  a  sot  of  tetend  iajrer,  reBembfing  also,  in  aome 

nBpeet,  tlK  nmiicr;  fioiii  wWch,  hoirever,  it  b  dia- 

tingaiibal  in  that  it  oeirer  detaches  itself  aponla^ 

neously  fi^in  the  parent  plaot,  as  is  tha  caae  aJso 

with  the*  two  fimner.     But  if  either  of  thcan  is 

sirti6ciaUy  detached  together  with  a  portion  of  root, 

or  a  slice  of  the  collar  adhering  to  it,  it  will  nor 

bear  transplanting,   and  will  constitute  a  distinct 

plant. 

SECTION  vni. 

GrafU. 

:artifieiai.  Th£  species  is  also  often  prc^pagated,  or  at  least 
the  variety  is  multiplied^  by  means  of  grafting, 
which  has  been  already  shown  to  be  an  artificial 
application  of  a  portion  oS  the  ahoat  of  one  tree  to 
the  stem  or  brandi  of  another,  so  as  that  the  two 
shall  esalesoe  together  and  form  but  one  plant. 
The  shoot  whidh  is  to  form  the  summit  of  the  new 
individual  is  called  the  gvaft;  and  the  stem  to 
wbiah  it  is  affixed  is  ealled  the  stoc^. 

As  the  graft  is  merely  m  <pxtension  of  the  parent 
plant  from  which  it  oame^  and  not  properly  speak- 
ing a  new  individ^iaU  so  it  in  fimnd  to  be  the  best 
method  of  "piopagatiog  approved  varieties  of  fruit- 
trees  without  any  danger  c^  altering  the  quality  of 
the  frqit,  wbieh  is  always  apt  to  be  incumad  in 
proptgatlPg  from  seed,  but  Mwr  in  pix^iagatiaff 


from  the  graft.  Some  gardeners  will  indeed  tell 
you  that  a  Rose  gn^fted  on  a  black  Currrant  will 
produce  black  Roses;  but  this  is  a  vulgar  error. 
The  graft  will  also  bear  fruit  much  sooner  than  the 
tree  that  is  raised  from  seed  ;  and,  if  effected  on  a 
proper  stock,  will  be  much  more  hardy  and  vigo- 
rous than  if  left  on  the  parent  plant.  And  hence 
the  great  utility  of  grafting  in  the  practice  of  gar- 
dening. 


CHAPTER  X. 

CAUSES  LIMITINO  TH£  WKOWAGATiOK  OF  THE  SFECICf. 

From  the  various  sources  of  vegetable  reproduc- 
tion,  but  particularly  from  tlie  fertility  and  dis* 
persion  of  the  seed,  the  earth  would  soon  be  over- 
run with  plants  of  the  most  prolific  species,  and 
converted  again  into  a  desert,  if  it  were  not  that 
nature  has  set  bounds  to  tlieir  propagation  by  sub- 
jecting them  to  the  control  of  man,  and  to  the 
depredations  of  the  great  mass  of  animals  ;  as  well 
as  in  confining  the  germination  of  their  seeds  to 
certain  and  peculiar  habitats.    The  operation  of  the 
two  former  causes  it  is  not  necessary  for  me  to  il- 
lustrate at  present.     My  remarks  shall  therefore  be 
directed  merely  to  the  illustration  of  the  latter; 
namely,  that  of  the  cifdumscription  of  the  habi- 
tats and  propagation  of  plants  as  dependant  on  soil, 
climate,  and  altitude. 
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SECTION  I. 

Soils. 

All  plants  will  not  vegetate  in  all  soils,  many 
of  them  even  affect  a  peculiar  soil ;  and  where  that 
soil  is  not  to  be  founds  they  will  not  grow.  It 
should  be  observed,  however^  that  in  this  view  of 
the  subject  the  term  soil  is  used  in  a  very  extensive 
acceptation,  as  signifying  not  only  the  various  sorts 
of  mould  which  copstitute  the  snr&ce  of  the  earth, 
but  every  substance  whatever  on  which  plants  are 
found  to  vegetate,  or  from  which  they  derive  their 
nourishment.  The  most  general  division  of  soils 
in  this  acceptation  of  the  term  is  that  of  aquatic, 
terrestrial,  and  vegetable  soils ;  corresponding  to  the 
division  of  aquatic,  terrestrial,  and  parasitical  plants, 

SUBSECTION  I. 

Aquatic  Soils. — Aquatic  soils  are  such  as  are 
either  wholly  or  partially  inundated  with  water, 
and  are  fitted  to  produce  such  plants  only  as  are 
denominated  aquatics.  Of  aquatics  there  are  several 
subdivisions  according  to  the  particular  situations 
they  affect,  or  the  degree  of  immersion  they  require, 
Producing  One  of  the  principal  subdivisions  of  aquatics  is 
Sanu!  ^^^  9^  marine  plants  such  as  the  Fuci  and  many  of 
the  Ulv€B,  which  are  very  plentiful  in  the  seas  that 
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wash  the  coasts  of  Great  Britain^  and  are  generally 
attached  to  stones  and  rocks  near  the  shore.  Some 
of  them  are  always  immersed ;  and  others  which 
are  situated  above  low  water  mark  are  immersed 
and  exposed  to  the  action  of  the  atmosphere  alter- 
nately. But  none  of  them  can  be  made  to  ve- 
getate except  in  the  waters  of  the  sea. 

Another  subdivision  of  aquatics  is  that  of  river  Rivct 
plants,   such  as   Chara,  Potamogeton^  and  Nym-^^^^* 
phaa,  which  occupy  the  bed  of  fresh  water  rivers, 
and  vegetate  in  the  midst  of  the  running  stream  ; 
being  for  the  most  part  wholly  immersed,  as  well 
as  found  only  in  such  situations* 

A  third  subdivision  of  aquatics  is  that  of  paludal  Mmh 
or  fen  plants^  J^ing  such  as  are  peculiar  to  lakes,  P*"^' 
marshes,  and  stagnant  or  nearly  stagnant  waters, 
but  of  which  the  bottom  is  often  tolerably  clear. 
In  such  situations  you  find  the  Isoetis  lacusiris. 
Flowering  Rush,  Water  Ranunculus,  Water  Lily, 
and  a  variety  of  others  which  uniformly  affect  such 
situations,  some  of  them  being  wholly  immersed 
and  others  immersed  only  in  part^ 

SUBSECTION   II. 

Earthy  Soils. ^^'E^rthy  soils  are  such  as  emerge 
above  the  water  and  constitute  the  surface  of  the 
habitable,  globe  that  is  every  where  covered  with 
vegetable  productions.    Plants  afiecting  sach  soils. 
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which  CDOipriBe  by  4kr  the  greater  part  of  the  ve- 
getable kingdom)  we  denominated  terrestrial,  being 
'tnch  as  vegetate   upon  the  surface  of  the  tartb 
without  having  any  portion  immerted  in  water  or 
fe(|niring  any  further  moisture  for  their  support 
beyond  that  which  they  derive  from  the,  earth  and 
atmosphere.      'Hiis  division  is,  like  the  aquatics^ 
diatributed  into  several  sutidivisions  according  to  the 
peculiar  situations  which  different  tribes  afiect. 
Producing      Some  of  them  are  maritime^  that  is^  growing  only 
^ii\^'  on  the  sea-coast.  or  at  no  great  distance  from  it, 
•|£*j^^such  as  Statice,  Glaux,  Samolus,  Samphire,  Sea 
nomioa-    Pea.    Some  are  fluviatic,  that  is,  aflfecting  the  banks 
pUriti.      of  rtvers,  such  as  Lythrum,  Lycopui,  EnpaUrium. 
Some  «re  dhampaign,  that  is,  aflboting  chiefly  the 
pbins,  meadows,  tmd  cuhnvated  fields,  such  as  Car- 
dandney    Tragapogmy    Agrostemtna.     Some    are 
dnmose,  that  is,  growing  ^n  the  hedges,  sudi  as  the 
Bramble.     Some  are  Tudenrte,  that  is,  growing  on 
mbbiah,  such  m  Sentcio  viecosus.    Some  ai«  syi- 
imtic,  that  is,  growing  in  wood^  or  forests,  aaoh  as 
Stachys  si/lvatica,  AmgeUcU  syhoestris.  A»d  finally, 
some  are  alpine,  that  is,  growing  on  the  summits 
of  mountains,  such  as  Poa  alpina,  Epilobium  aU 
pinum,  and  many  of  the  Mosses  and  Lichens. 


SUBSECTION   HI. 

Vegetnbk  &£&.— Vegetable  amis  are  audi  as  are 
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Ibrmed  of  vegetatiog  or  decayed  plants  themselves, 
to  some  of  which  the  seeds  of  certain  other  plants 
are  found  to  adhere^  as  being  the  only  soil  fitted 
to  their  germination  and  developement.  The  plants  , 
springing  from  them  are  denominated  Parasitical^  as 
being  plants  that  will  vegetate  neither  in  the  water 
nor  earth,  but  on  certain  other  plants,  to  which  they 
attach  themselves  by  means  of  roots  that  penetrate 
the  bark»  and  from  the  juices  of  which  they  do 
often,  though  not  always  derive  their  support.  This 
last  circumstance  constitutes  the  ground  of  a  sub* 
division  of  parasitical  plants,  into  such  as  merely 
adhere  to  other  plants  but  do  not  feed  on  them, 
and  such  as  do  not  merely  adhere  to  otlier  plants 
but  do  also  feed  on  them. 

In  the  first  subdivision  we  may  place  parasitical  Producios 
Mosses,  Lichens,  and  Fungi,  which  are  found  as  plants, 
often  and  in  as  great  perfection  on  the  stumps  of  ^^|||^ 
rotten  trees,  and  on  rotten  pales  and  stakes,  as  on 
trees  that  are  yet  vegetating ;  whence  it  is  also  plain 
that  they  do  not  derive  their  nourishment  from  the 
plants  on  which  they  grow,  but  from  the  atmos- 
phere by  which  they  are  surrounded ;  the  plant 
to  which  they  cling  serving  merely  as  a  basis  of 
support. 

la  the  second  subdivision  we  may  place  all  such 
plants  as  are  strictly  parasitical,  that  is,  atll  such  as 
do  actually  abstract  from  the  juices  of  the  plant  to 
wbidi  they  cling  the  nourisbment  necessary  to  the 
developement  of  their  parts;  and  of  which  the 
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most  common,  at  least  as  being  indigenous  to  Bri- 
tain, are  the  Missletoe,  Dodder,  Broom-rape,  and 
a  sort  of  tuber  that  grows  on  the  root  of  Safiron, 
and  destroys  it  if  allowed  to  spread. 
Mii«ictoe.  The  Missletoe,  J^wcum  album,  is  found  for  the 
most  part  on  the  Apple-tree ;  but  sometimes  also 
on  the  Oak.  The  fruit  of  it  when  ripe  is  a  soft, 
white,  and  shining  berry,  filled  with  a  glutinous 
and  sweetish  juice,  and  about  as  large  as  a  Pea.  If 
this  berry,  whether  by  accident  or  design,  is  made 
to  adhere  to  the  trunk  or  branch  of  either  of  the 
foregoing  trees,  which  from  its  glutinous  nature  it 
may  readily  be  made  to  do,  it  germinates  by  send- 
ing out  a  small  globular  body  attached  to  a  pedicle, 
which  after  it  acquires  a  certain  length  bends  to- 
wards the  bark,  whether  above  it  or  below  it,  into 
which  it  insinuates  itself  by  means  of  a  number  of 
small  fibres  which  it  now  protrudes,  and  by  which 
it  abstracts  from  the  plant  the  nourishment  neces- 
sary to  its  future  dfvelopement.  When  the  root 
has  thus  fixed  itself  in  the  bark  of  the  supporting 
tree,  the  stem  of  the  parasite  begins  to  ascend,  at 
first  smooth  and  tapering,  and  of  a  pale  green  colour, 
but  finally  protruding  a  multiplicity  of  branches 
by  continually  dividing  into  jointed  forks.  The 
leaves  are  of  the  colour  of  the  stem,  tongue-shaped 
entire,  smooth.  The  plant  is  an  evergreen ;  not 
readily  distinguished  in  the  summer,  when  the 
leaves  of  the  tree  on  which  it  grows  arc  fully  ex- 
panded;   but  becoming  very  conspicuous   in  the 
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winter^  from  the  green  and  bushy  appearance  of 
its  leaves,  or  from  the  white  aj[q)earance  of  its 
ripened  berries.  « 

It  seems  to  have  been  thought  by  some  botanists 
that  the  roots  of  the  Missletoe  penetrate  even  into 
the  wood,  as  well  as  through  the  bark.*  But  the 
observations  of  Du  Hamel  show  that  this  opinion 
is  not  well  founded.  The  roots  are  indeed  often 
found  within  the  wood,  which  they  thus  seem  to 
have  penetrated  by  their  own  vegetating  power* 
But  the  foct  is,  that  they  are  merely  covered  by  the 
additional  layers  of  wood  that  have  been  formed 
since  the  fibres  iSrst  insinuated  themselves  into  the 
bark.-|- 

Among  the  Druids,  the  Missletoe  of  the  Oak-tree 
was  revered  as  sacred ;  and  its  medical  virtues  were 
held  in  the  highest  estimation:  But  it  forms  no 
prominent  article  in  the  Materia  Medica  of  present 
times;  except  that  it  is  still  regarded  by  farmers 
and  cow  doctors  as  being  of  peculiar  efficacy  in 
some  diseases  incident  to  cattle;  and  by  the  lower 
orders  of  people  in  general  as  possessing  some  pe- 
culiar medical  properties,  in  which  they  seem  to 
think  it  operates  as  a  sort  of  charm,  but  particu- 
larly in  its  .capacity  of  affording  a  preventative  to 
sterility ;  which  accounts  for  the  institution .  of  tht 
ancient  and  still  prevailing  custom  with  the  inha- 
bitants of  the  cottage  of' gathering  boughs  of  it 

*  With.  Arrang.  vol.  ii.  p.  203. 
f  Phys.  des  Arb.  liv.  v.  chap.  i. 
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and  suspending  them  from  the  ceiling  of  their 
apartments,  about  the  season  of  Christmas  when 
the  f|uit  is  ripe. 
Dodder.  Cuscuta  cuTopaa,  or  Dodder,  though  it  is  to  be 
accounted  a  truly  parasitical  plant  in  die  issue,  is 
not  yet  originally  so.  For  the  seed  of  this  plant 
when  it  has  fallen  to  the  ground  takes  root  ori- 
ginally by  sending  down  its  radicle  into  the  soil  and 
elevating  its  stem  into  the  air.  It  is  not  yet,  there- 
fore, a  parasitical  plant.  But  the  stem  whi<^  is 
now  elevated  above  the  sur&ce  lays  hold  of  die  first 
plant  it  meets  with,  though  it  is  particularly  partial 
to  Hops  and  Nettles,  and  twines  itself  around  it, 
attaching  itself  by  means  of  little  parasitical  roots 
at  the  points  of  contact,  and  finally  detaching  itself 
from  the  soil  altogether  by  the  decay  of  the  ori* 
ginal  root,  and  becoming  a  truly  parasitica]  plant 
Withering  describes  the  plant  in  his  arrangements 
as  being  originally  parasitical ;  but  this  is  certainly 
not  the  fact. 

The  Orobanche,  or  Broom-rape,  which  attM^es 
itself  by  the  root  to  the  roots  of  other  plants,  is  also 
to  be  regarded  its  being  truly  parasitical,  though  it 
sometimes  sends  out  fibres  which  seem  to  draw 
nourishment  from  the  earth.  It  is  found  most  fre- 
quently on  the  roots  of  common  Broom ;  but  I 
have  found  it  also  on  the  roots  of  Scabiosa  aroenw; 
and  even  upon  the  root  of  Samalus  Vakraniu 
This  last  case  I  met  with  in  the  garden  of  the  Rev. 
Dr.  Dawson,  of  Burgh,  in  Suffolk,  in  the  month 
8 
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of  September^  16D8.  J  think  the  Samolus  Falerandi 
was  raised  from  seed  by  the  Doctor,  who  cultivated 
British  plants  with  as  much  industTy  as  others  often 
cultivate  exotics. 

The  Epidendron  fios  aeris,  a  native  of  India  Epidea* 
beyond  the  Ganges,  is  regarded  also  by  botanists  crit. 
aa  a  parasitical  plant,  becaase  it  is  generally  found 
growing  on  other  trees.*  Bat  there  is  a  circum- 
stance related  concerning  it  which  seems  to  excite  a 
suspicion  that  it  cannot  be  truly  a  parasitical  plant. 
Mr.  Loureiro  says  it  will  continue  to  vegetate  for 
years  even  when  suspended  from  the  ceiling  of  a 
room,  producing  blossoms  diat  exhale  the  richest 
fragrance;  from  which  I  think  it  may  be  inferred  that 
it  derives  its  nourishment  wholly  from  the  atmos- 
phere, and  not  from  the  plant  to  which  it  adheres. 


SECTION  II, 

Climate. 

Most  plants  are  affected  by  climate,  and  many 
are  confined  to  a  particular  hemisphere  or  latitude 
which  they  are  seldom  found  to  pass.  Such  is  the 
case  with  the  Proteacea  of  Jussieu,  which  are  con- 
fined almost  entirely  to  the  southern  hemisphere, 
and  abound  chiefly  in  the  latitude  of  the  Cape  of 
Good  Hope.*f*    Hence  it  is  that  habitats  and  cli-* 

•  •  Willdenow,  Prioc.  Dot.  p.  2^3. 
f  Lin.  Trans,  vol.  x.  p.  20- 
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mates  are  often  the  same ;  and  hence  also  plants 
Efluaio-  that  gre  natives  of  the  equatorial  regions  cannot  be 
made  to  vegetate  in  high  latitudes,  except  by 
putting  them  into  a  hot-house  and  keeping  up  an 
artificial  heat.  This  is  known  to  every  body  who 
is  the  least  conversant  in  gardening,  and  forms  one 
of  the  most  difficult  branches  of  the  art.  Hence 
it  is  impossible  to  naturalize  the  equatorial  plants 
in  this  climate  such  as  the  Palms,  Pine-apple,  and 
others  ;  because  the  degree  of  cold  naturally  sub- 
Tropical    sisting  in  it  would  infallibly  kill  them.     In   like 

and  polar  ...  , 

pknti^  manner  plants  that  are  indigenous  to  the  more  tem- 
perate regions,  cannot  be  made  to  vegetate  in  the 
equatorial  regions,  because  the  excessive  heat  of 
such  regions  would  destroy  them.  The  Wheat  and 
Barley  of  Europe  will  not  grow  within  the  tropics ; 
the  same  remark  applies  to  plants  of  still  higher 
latitudes,  such  as  those  within  the  polar  circles 
which  cannot  be  made  to  vegetate  in  more  southern 
latitudes,  nor  can  the  plants  of  more  southern  lati- 
tudes be  made  to  vegetate  there. 

Such  is  the  case  with  plants  in  general,  and  such 
are  the  boundaries  which  they  cannot  pass,  con- 
fining them   to  the  peculiar  habitat  destined  by    | 
Inured  by  nature.     But  some  plants  may  be  inured  to  cli- 
to  opposite  mates  of  which  they  are  not  indigenous  ;  and  this    | 
climates,    gecms  to  be  most  easily  done  in  going  from  a  hot 
to  a  cold  climate,    particularly   with   berbaceoos 
plants.     Because  it  often  happens  that  ^he  firosts  of 
winter  are  accompanied  with  snow  which  shelters 
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the  plant  from  the  inclemency  of  the  atmosphere 
till  the  return  of  spring.     Trees  and  shrubs^  on  the 
contrary,  are  naturalized  with  more  difficulty^  be- 
cause they  cannot  be  so  easily  sheltered  from  the 
colds,  owing  to  the  greater  length  of  their  stem  and 
branches.  But  nature,  always  provident  for  the  pre-  Or  adapt- 
servation  of  all  her  works,  and  always  fertile  inaeWetby 
resources  for  the  accomplishment  of  her  object,  has  ***'"'*• 
also   furnished  some  plants   with  the  capacity  of 
vegetating  in  almost  all  climates,  or  of  naturalizing 
themselves  in  almost  any.     This  is  particularly  the 
case  with  greens  and  eatable  roots,  such  as  Cabbages, 
Carrots,    Potatoes,   that  is,  the  common  culinary      ' 
plants  most  useful  to  man.     And  hence  they  have 
followed  man  into  all  climates  and  quarters  of  the 
globe.     Some  aquatic  plants  are  found  capable  of 
vegetating  also  in  almost  all  climates,  perhaps  be- 
cause the  water  modifies  in  some  measure  the  tem-» 
peraturc*      Lemna  minor  has  been  found  through* 
out  almost  the  whole  of  Europe,  North  America, 
and  even  Asia;*  and  Fucus  natans,  both  under  the 
equator  and  within  the  polar  circles.     Plants  which 
grow*  in  the  depths  of  the  ocean  are  not  at  all  af- 
fected by  climate,   because  they  are  beyond  the 
reach  of  the  influence  of  the  sun*s  rays,  and  air ; 
so  that  habitats  in  this  case  must  be  fixed  by  the 
greater  or  less  degree  of  salts  held  in  solution  by 
the  water.     As  the  habitats  dependant  on  climate 
are,  like  the  climates  themselves,  bounded  by  certain 
»  Willdenow,  p.  395. 
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ptrallels  of  latitude  aa  they  recede  {rom  or  approaeb 
to  the  equator;  they  arc  consequently  the  same  in 
all  longitudes,  and  nearly  so  in  correspondii^  lati- 
tudes,  on  either  side  of  the  equator.  But  the 
warmer  climates  are  more  favourable  upon  the 
whole  to  vegetation  than  the  colder,  and  that  nearly 
in  proportion  to  their  distance  from  the  equator. 
In  Spitzbergen  botanists  have  hitherto  found  only 
30  indigenous  plants,  in  Lapland  534^  in  Iceland 
553f  in  Sweden  1209,  in  Brandenburg  2000,  is 
Piemont  2800,  in  Jamaica,  Madagascar,  and  the 
^  coast  of  Coromandel,  from  4000  to  500O.*  The 
same  plants,  however,  will  grow  in  the  same  d^;ree 
of  latitude,  throughout  all  degrees  of  longitude,  and 
also  in  correspondent  latitudes  on  different  sides  of 
the  equator ;  the  same  species  of  plants,  as  some 
of  the  Palms  and  others,  being  found  in  Japan, 
India,  Arabia,  the  West  Indies,  and  part  of  Soutb 
America,  which  are  ail  in  nearly  the  same  latitudes; 
and  the  same  species  being  also  found  in  Kams- 
chatka,  Germany,  Great  Britain,  and  the  coast  of 
Labrador,  which  are  all  also  in  nearly  the  same  la* 
titudes. 

*  Willdenow,  p,  374. 
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SECTION  in. 
Altitude. 

Although  the  above  rule  with  regard  to  cli-^ 
mates  is  of  pretty  general  application^  yet  it  is  at 
the  same  time  liable  to  a  good  many  exceptions, 
owing  chiefly  to  the  difference  of  altitude  that  may 
and  often  does  occur  in  countries  of  the  same  lati- 
tude ;  as  well  as  to  a  variety  of  other  causes  af- 
fecting the  vegetable.  This  must  be  obvious  from 
the  consideration  that  the  temperature  of  any  place 
is  aflfected  as  much  from  its  altitude  as  from  its  lati- 
tade.  The  summit  of  the  mountains  of  the  Andes^  As  ^eeu 
even  where  situated  almost  directly  under  the|^^ 
equator^  are  yet  covered  with  eternal  snow. 

Hence  it  follows  that  all  variety  of  climates  may  And  oon- 
exist  even  in  the  same  latitude  merely  by  means  of  ^'^^t 
the  altitude  of  the  place,  and  consequently  all  va^  babiiat* 
rieties  of  vegetable  habitat.    And  this  was  found 
by  Toumefort  to  be  literally  the  case  during  his 
travels  in  Asia.    At  the  foot  of  mount  Ararat  he 
met  with  plants  peculiar  to  Armenia ;  above  these 
he  met  with  plants  which  are  found  also  in  France ; 
at  a  still  greater  height  he  found  himself  surrounded 
with  such  as  grow  in  Sweden,  and  at  the  summit 
with  such  as  vegetate  in  the  polar  regions. 


This  accounts  for  the  great  variety  of  plants  And 
which  are  often  found  ia  a  Flora  of  no  great  ex*- 

VOL.  IL  2  F 
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tent :  and  it  may  be  laid  down  as  a  botanical 
axiom,  that  the  more  diversified  the  surface  of  the 
country  the  richer  will  its  Flora  be,  at  least  in  the 
samie  latitudes.  It  accounts  also  for  the  want  of 
correspondence  between  plants  of  different  coan- 
tiies  though  placed  in  the  same  latittdes;  Iwiftuse 
Ae  mountains  or  ridges  of  mounUiins,  which  may 
be  found  m  the  »ne  and  not  in  the  other^  wiH  piD- 
dttce  tbe  greatest  pc^sifole  difierenee  in  the  chiMdter 
of  their  Fiora$.  And  to  thin  cause  we  may  lecribe 
ittie  diversity  that  often  actually  Exists  between 
plants  giH>wing  in  the  #ame  latitudes^  as  between 
those  of  the  north-west  ttod  nonh-^ast  coast  of 
North  America,  as  also  of  the  south-West  and  MMith- 
east  coast;  the  former  being  more  mountainous)  the 
other  more  fiat  Sometimes  the  same  SOtt  of  dif- 
ference takes  place  between  the  phnti  of  all  iriand 
and  tho^e  of  the  neighbouring  Continent;  that  is^ 
if  the  one  is  mountainous  and  the  other  fiat ;  but 
if  they  are  alike  in  their  geographical  deiitnation, 
then  they  are  generally  alike  in  their  vegetable  pro- 
ductions. 

Cold  and  lofty  situations  are  the  lav«urite  habitat 
of  most  cryptogamic  plants  of  the  terrestrild  cthas^ 
especially  the  Fungi ^  Alga,  and  Mosses ;  «s  also  of 
plants  of  theclass  Tetradynamia,  and  of  the  Umbellate 
and  Syngmesi&l  tribes*  Whereas  treses  and  ahrubs. 
Ferns,  Parasitic  plants,  Lilies,  and  Aromatic  plants, 
are  most  ablindant  in  warm  cliikiat^ ;  only  this  is  not 
to  be  understood  merely  of  geographical  climates, 
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becaase^  as  we  have  seen^  the  physical  climate  de- 
pends upon  altitude.  In  consequence  of  which^ 
combined  with  the  ridges  and  direction  of  the 
mountains^  America  and  Asia  are  much  cblder  in 
the  same  degrees  of  nortbem  latitude  than  Europe. . 
American  plants  vegetating  at  Aff  of  northern  lad- 
tude  will  vegetate  very  wall  at  52^  in  Europe.  The 
same,  or  nearly  w,  may  be  said  of  Asia^  which  i^ 
the  Ibrmer  case  is  perhaps  owing  to  the  immense 
tracts  of  woods  and  finarshes  covering  the  surface> 
«Ad  i«  the  latter  to  the  more  ekvated  and  moun* 
taioous  situartian  of  the  country  affecting  the  degree 
<^  teaaperature.     80  a4so  Africa  is  much  hotter  « 

under  the  tropics  than  America;  because  ki  the 
latter  the  temperature  is  lowered  by  immense 
chains  of  monntaans  traversing  the  equatorial  re- 
gions, while  in  the  former  it  is  increased  by  means 
of  the  hot  and  burning  sands  that  cover  the  greater 
part  of  its  surface. 

The  effiscts  of  altitude  are  observable  also  even 
in  the  case  of  aquatics,  as  modiffring  the  habitats ; 
thus  some  aoquatics  float  always  on  the  surface  of 
the  water,  as  Lemna^  while  others  are  either  pan- 
tially  or  wfaofly  immersed.  Such  as  grow  in  the 
depths  of  the  sea  are  not  influenced  by  xdimate; 
bat  such  as  are  near  the  sur&ce  are  influenced  by 
clim^tCi  and  have  their  habitats  afiected  by  it. 


2  F« 
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SECTION  IV. 

General  Remarks. 

Habitttiii.     The  habk  of  vegetables  is  sometiines  afieeted  by 
fluoidQg  ^  habitat,  so  as  to  ^ve  to  plants  of  difermt  ooim- 
tries,  though  of  the  same  genns,  a  sort  of  charac- 
teristic feature  by  which  their  countiy  may  often 
be  discovered,  in  the  same  manner  as  the  national 
distinctions  which  are  observable  in  tiie  looks  and 
colour  of  mankind,  and  which  are  eflected  chiefly 
by  climate.    On  this  subject  botanists  have  made 
Atexem-  ^  following  remarks : — ^Asiatic  plants  are  remark- 
SJiSSic "   •'^'^  ^^"^  *^^^  superior  beauty ;  African  plants  for 
Europeao^  their  thick  and  succulent  leaves,  as  in  the  case  of 
apd  Am-  the  Cacti;  and  American  plants  for  the  length 
pboti.      ^^  smoothness  of  their  leaves,  and  for  a  sort  (^ 
singularity  in  the  shape  of  the  flower  and  fruit. 
The  flowers  of  European  plants  are  but  rarely  beau* 
tiful,  a  great  proportion  of  them  being  amenta- 
ceous.   Plants  indigenous  to  polar  and  mountainous 
regions  are  generally  low,  with  small  compressed 
leaves ;  but  with  flowers  large  in  proportion.    Plants 
indig^ous  to  New  Holland  are  distinguishable  for 
smMl  ^<1  ^7  leaves  that  have  often  a  shrivelled 
appearance.    In  Arabia  they  are  low  and  dwarfish ; 
in  the  Archipelago  they  are  generally  shrubby  and 
furnished  with  prickles;  while  in  the  Canary  Islands 
many  plants,  which  in  other  countries  are  merely 
herbs^  assume  the  port  of  shrubs  and  trees.  . 
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The  shrubby  plants  of  the  Cape  of  Good  Hope 
and  New  Holland  exhibit  a  striking  similarity^  as 
also  the  shmbs  and  trees  of  the  northern  parts  of 
Asia  and  America,  which  may  be  exemplified  in 
the  Platanm  orientaHs  of  the  former^  and  in.PiSs- 
tanus  oceidentaUs  of  the  ktter^  as  well  as  in  FagM 
syhoatica  and  FaguM  latifoliay  or  Actr  capfadoci- 
cum,  VLudAcersaccharinum;  and  yet  the  herbs  and 
undershnibs  of  the  two  countries  do  not  in  the 
least  correspond.* 

A  change  of  habitat  will  often  alter  the  habit  of 
a  plint  so  much  that  the  species  can  scarcely  be 
recognised;  particularly  if  you  remove  it  from  its 
natural  and  uncultivated  state  into  a  state  of  culti« 
vation.    Hence  the  colour  of  the  flower  is  some-  Infloeoo- 
times  changed  and  frequently  the  figure  of  thejl^^^ 
leaves,  as  in  common  Colewort,  and  Celery :  and 
hence  the  Crab-tree  and  others  divest  themselves 
of  their  thorns,    and  flowers  are  often  rendered 
double* 

But  plants  will  often  thrive  very  well  though  Thon^ 
transported  from  their  native  habitats  by  the  artj^^j^^f 
and  industry  of  man  even  into  countries  where  they  ^P^^ 
would  not  naturally  have  disseminated  themselves. 
Most  of  the  culinary  plants  of  Europe  have  been 
brought  from  the  east,  through  the  Greeks  and 
Romans.    And  several  useful  vegetables,  but  par- 
ticularly the  Potatoe,  have  been  brought  from  Ame- 

•  WilUenow,  Priik  Bot.  p.  390, 
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rica>  Phaieohu  ^fdgari$y  and  Impatieng  Bal-^ 
sAtnina  where  brought  originally  iirom  India ;  and 
Datura  Stram^mum,  whk*  is  now  natnndized  in 
Europe  vm  brought  originally  from  India  <ur  Abys- 
sinia. Buckwheat  and  toost  apecias  of  Com  and 
Peas  came  alao  from  the  east,  and  along  witk  them 
several  pknts  foimd  among  C5om  only,  such  as 
Centaurea  Cyanus,  Jgrostemma  Githago,  Ra- 
pkanus  Raphanistrum,  and  Myagrum  satimem* 


CHAPTER  XI. 

BVUMSNCE  AHI>  CHAEACTSpi  OF  VS6ETABLX  VITAUTV. 

Criterion  Thb  best  and  most  satisfactory  evidence  of  the 
plincipte!  presence  and  agency  of  a  vital  principle  as  inherent 
in  9^ny  subject  is  perhaps  that  of  its  rendering  the 
subject  in  which  it  inheres  capable  of  counteract- 
ing the  laws  of  chemical  affinity.  This  rule,  which 
seems  to  have  been  first  instituted  by  Humboldt^  is 
obviously  applicable  to  the  case  of  animals,  as  is 
proved  by  the  process  of  the  digestion  of  the  food, 
and  its  conversion  into  chyle  and  blood  ;  as  well  as 
from  the  various  secretions  and  excretions  efiected 
by  the  several  organs,  and  effecting  the  growth  and 
developement  of  the  individual,  in  direct  opposition 

*  This  most  useful  plant  was  first  brougbt  into  Europe  by  Sir 
W.Ralcgb,  in  1623. 


▼cgeUblcik. 


to  die  acknowledged  laws  of  chemical  afBoitjr^ 
which,  as  soon  as  the  ¥ital  principle  is  extinct^ 
begin  immediately  to  give  indication  of  their  action 
in  ihe  inoqsi^  symptoms  of  the  putref^ctipq  of 
the  dead  bo<)y^ 

But  the  rule  ia  also  applicable  to.  the  case  of  ye- AppiMi^ 
getables^  as  is  proved  by  the  intro-susception^  di-  ^ 
gestion,  and  assimilation  of  the  food  necessary  to 
their  developemeot ;  all  indicating  the  agency  of  a 
principle  capable  of  counteracting  the  laws  of  che* 
mical  affinity ;  which,  at  the  period  of  what  is 
usually  called  the  death  of  the  plants  begin  also 
immediately  to  act^  and  to  give  .evidence  of  their 
aqtian  in  the  incipient  symptoms  of  the  putrefae* 
tian  of  the  vegetable.  V^etables  are  therefore 
ebriously  endowed  with  a  species  of  vitality.  But 
fdaiitting  the  presence  find  agency  of  a  vital  prin* 
ciple  inherent  in  the  vegetable  subject,  what  are 
the  peculiar  properties  by  which  this  principle  ia 
characteriaedr 

SECTION  L 

Excitability* 

One  of  the  most  distinguishable  properties  of 
the  vital  principle  of  vegetables  is  that  of  its  exr 
citability,  or  capacity  of  being  acted  upon  by  the 
application  of  natural  stimuU,  impelling  it  to  the 
exertion  of  its  vegetative  powers;  the  natural 
stimuli  thus  impelling  it  being  light  and  heat* 
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SUBSECTION  I. 

Action  of  Light. — The  stimulating  infloenoe  of 

light  upon  the  vital  principle  of  the  plant  is  dism 

eoverable,  whether  in  the  stein^   leaf^  or  flower* 

The  direction  of  the  stem  is  influenced  by  the 

action  of  light. 

InSueno-       If  a  plant  is  placed  in  a  room  or  cave  in  whidi 

imion  0^^^!^  is  ^^h  ^°^  small  aperture  for  die  admisakm 

^9im,  ^f  ijgf^f^  ^^^  g^^Q,  will  gradually  hend  towards  that 

aperture.  Bonnet  sowed  some  French  Beans  in  a 
dark  cave,  with  a  view  to  ascertain  the  efeet  of  the 
small  portion  of  light  transmitted  to  them  through 
the  entrance:  the  stem  was  a  little  inclined  to* 
wards  the  entrance  during  the  day,  but  it  re- 
gained its  erect  position  partially  at  least  during 
the  night. 
Tbevir  The  vigour  and  colour  of  the  stem  are  also  af* 
^SLf  of  fected  by  the  presence  or  absence  of  light.  If  a 
^V^h  cutting  of  Potatoe  is  left  to  vegetate  in  a  cellar, 
where  there  is  but  little  access  to  light  and  air,  the 
stem  will  shoot  out  to  a  great  length  in  the  direc- 
tion of  the  light ;  but  pale,  and  limber,  and  trailing 
on  the  floor^  Bonnet  planted  three  Beans  for  the 
purpose  of  comparative  experiment,  one  in  the 
open  air,  another  in  a  tub^  of  glass  covered  at  the 
top ;  and  a  third  in  a  tube  of  wood  covered  at  the 
top  also.  The  first  plant  was  strong  and  luxuriant; 
the  second  ww  s^lso  strong,  and  inclined  towards  (be 
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tun  ;  but  the  thirds  though  tall^  was  pde  and  sickly* 
Hence  it  is  upon  the  principle  of  the  exclasion  of 
light  that  plants  are  blanched,  as  in  the  case  of  th^ 
blanching  of  Celery,  which  is  sometimes  termed  also 
etiolation. 

The  direction  and  luxuriance  of  the  branches  The  diiec 
depend  also  on  the  presence  and  action  of  light,  as  bnmchti,* 
is  particularly  observable  in  the  case  of  hot-house 
plants,  the  branches  of  which  are  not  so  conspicu- 
ously directed,  either  to  the  flue  in  quest  of  heat, 
or  to  the  door  or  open  sash  in. quest  of  air,  as  to 
the  sun  in  quest  of  light.  Hence  also  the  branches  of 
plants  are  often  more  luxuriant  on  the  south  than  on 
the  north  side ;  or  at  least  on  the  side  that  is  best 
exposed  to  light 

The  position  of  the  leaf  is  also  strongly  affix^ed  The  posi- 

by  the  action  of  light  to  which  it  uniformly  turns  i^^ 

its  upper  surface*    This  may  be  readily  perceived 

in  the  case  of  trees  trained  to  a  wall,  from  which 

the  upper  surfietce  of  the  leaf  is  by  consequence 

always  turned  ;  being  on  a  south  wall  turned  to  the 

south,  and  on  a  north  wall  turned  to  the  north. 

And  if  the  upper  surface  of  the  leaf  is  forcibly 

turned  towards  the  wall  and  confined  in  that  po- 

sition  for  a  length  of  time,  it  will  soon  resume  its 

primitive  position   upon  regaining  its  liberty,  but 

particularly   if  the  atmosphere  is  clear.     Bonnet 

tried  to  retain  a  leaf  in  its  inverted  position  by 

means  of  twisting  the  leaf-stalk ;  but  it  was  always 

found  to  untwist  itself  again  in  the  course  of  a 
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9bort  time^  tod  agnia  to  preset  ita  upper  siir&tt 
to  the  8im  or  light  This  it  was  aottietimes  fiMnd 
to  dq  even  ia  th^  night ;  hut  tlways  the  most  ex* 
jpi^itiowly  in  young  suhjfiCta.  If  the  &qpaimemt 
is  often  repeated,  the  leaf  resames  its  originaf  jJoa<« 
tion  with  more  (ti$cijlty>  an^  exhifatta  endeat 
marks  of  being  ir\iured  by  the  exertioD^  in  the 
appearance  of  several  hlaok  sp^ts  about  the  veins 
of  the  under  surface^  and  in  the  sealing  off  of  the 
cuticle. 

But  all  leaves  are  not  equally  susceptible  to  the 
aetion  of  the  stimuius  of  light.  The  leaves  of  die 
Mallow  are  said  to  exhibit  but  sKght  indieationa  of 
this  susceptibility^  as  also  sw<urd  shaped  leaves ;  the 
leaves  of  the  Missletoe^  which  have  never  been 
known  to  resume  a  former  position  in  ooase^ieiice 
ef  any  change  ia  the  positicui  of  the  bfanob^  be^ 
cause  perhaps  they  are  equally  suseqitible  on  botb 
sides.*  But  succulent  leaves  are  said  to  be  parti* 
cularly  suseeptible,  notrnthstaading  their  thick  and 
firm  textuw;  and  if  the  leaf  of  a  Vine  is  even  se- 
parated from  the  branch  and  suspended  by  a  fine 
thread,  so  as  tliat  the  upper  surface  shall  be  turaod 
from  the  light,  it  will  3ret  gradually  alter  its  poaitiou 
till  it  cones  round  again  to  it.*f*  This  experimeirt 
requires  to  be  made  with  great  care  and  delicacy 
kst  the  leaf  should  be  made  to  turn  hyr  means  of 
tlie  e&ct'  of  the  atmosphere  upon  the  thnead; 
though  in  this  c»a^  it  may  perhaps  be  said  thai  the 

*  Sintth*»  Introduction,  p.  308.  f  Ibid. 
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change  is  not  eftctad  by  the  ttimnlM  of  the  light 
acting  on  the  vital  principle^  but  ratlier  on  the 
fibres  of  the  leaf.  But  the  reply  is  that  the  leaf  is 
not  yet  entirely  deprived  of  the  vital  principle ;  at 
it  is  not  to  be  aoppooed  that  the  experiment  wottld 
succeed  npon  a  1^  Uiat  is  withered  and  decayed. 

Such  are  the  efiects  produced.    Is  light  the  sole  Liglittlie 


agent?  It  bad  been  conjeetuned  that  the  efiect  ig'^^'C^' 
partly  attributabie  to  the  agency  of  heat ;  and  to 
try  the  value  of  the  conjecture  Bonnet  placed  some 
plants  of  tiae  Jtripiejp  in  a  stove  heated  to  95^  of 
Raaomur.  Yet  the  stems  were  not  inclined  to  the 
aide  from  which  die  .greatest  degree  of  heat  came ; 
but  to  a  small  opening  in  the  stove.  Heat  then 
does  not  seem  to  exert  any  perceptible  influence  ift 
the  production  of  the  above  ejiects.  Does  m(m^ 
ture  ?  Bonnet  found  that  the  leaves  of  the  Vine 
exhibited  the  same  phenomenon  when  immersed  in 
water  as  when  1^  in  the  open  air.  Whence  it 
seems  ptobable  that  light  is  the  sole  agent  in  the 
production  of  the  effects  in  question. 

But  as  tight  produces  soch  effects  upon  the  leaves^  Comitar 
so  daricness  or  the  absence  of  light  produces  an  efiect  2^',^ 
quite  the  contrary ;  for  it  is  known  that  the  leaves 
of  many  plants  assume  a  very  different  position  in 
the  night  from  what  they  have  in  the  day.  This  is 
particularly  the  case  with  winged  leaves,  which, 
though  fully  expanded  during  the  day,  begin  to 
droop  and  bend  down  about  sun-set  and  during  the 
fill!  of  the  evening  dew,  till  they  meet  ti^ether  on  the 
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inferior  side  of  the  leaf-stalk,  the  terminal  lobe,  if 
the  leaf  is  furnished  with  one,  folding  itself  back  till 
it  reaches  the  first  pair;  or  the  two  side  lobes,  if  the 
leaf  is  trifoliate,  as  in  the  case  of  common  Clover, 
which  seems  to  have  been  first  observed  by  the 
daughter  of  Linnseus.    So  also  the  leaflets  of  the 
False  Acacia  and  Liquorice  hang  down  daring  the 
nighty  on  each  side  of  the  mid-rib,  but  do  not  meet 
beneath  it     The  leaves  of   Mimosa  pudiea  fold 
themselves  up  along  the  common  £90t»stalk  so  as  to 
overlap  one  another.    But,  perhaps,  this  efiect  is 
produced  partly  by  the  agency  of  moisture  as  it  is  ac- 
celerated by  dews  and  rains,  and  may  even  be  oc* 
casioned  by  artificial  watering :    or  periiaps  such 
leaves  as  fold  themselves  up  in  the  above  mani- 
ner  may  require  an  interval  of  rest,  which  they  thus 
obtain,  after  having  been  exposed  throughout  the 
day  to  the  stimulus  of  light.  And  if  so,  then  Linnaeus 
has  not  without  propriety  designated  the  above 
phenomenon  by  the  appellaticm  of  The  Sk^  qf 
Plmts. 
InSucnoe      The  expansion  of  the  flower  is  also  eflfected  by  the 
£&^.  ^^^^^^  ^  l^^ht.    Many  plants  do  not  fully  expand 
their  petals  except  when  the  sun  shines ;  and  benoe 
alternately  open   them    during  the  day  and  shut 
them  up  during  the  night.  This  may  be  exemplified 
in  the  case  of  papilionaceous  flowers  in  general, 
which  spread  out  their  wings  in  fine  weather  to  ad- 
mit the  rays  of  the  sun>  and  again  fold  them  up  as 
the  night  approaches.    It  may  be  exemplified  also 
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in  the  case  of  oompound  flowers,  as  in  that  of  the 
Dandelion  and  Hawkweed.  But  the  roost  singular 
cmse  of  this  kind  is  perhaps  that  <^  the  Lotus  of  the 
Euphrates  as  described  by  Theophrastua,  which  he 
represents  as  rearing  and  expanding  its  biossom  *hf 
day^  closing  and  sinking  down  beneath  the  surface 
of  the  water  by  night,  so  as  be  beyond  the  grasp  of 
the  hand)  and  again  rising  up  in  the  morning  to 
present  its  expanded  blossom  to  the  sun.*  The 
same  phenomenon  is  related  also  by  Pliny .*f* 

But  although  many  plants  open  their  flowers  iu 
the  morning  and  shut  them  again  in  the  evening, 
yet  all  flowers  do  not  open  and  shut  at  the  same 
time.  Plants  of  the  same  species  are,  however, 
pretty  regular  to  an  hour,  other  circumstances  being 
the  same ;  and  hence  the  daily  opening  and  shutting 
of  the  flower  has  been  denominated  by  botanists 
The  Harologium  Flora.  Flowers  requiring  but  a  ilorolo- 
slight  application  of  stimulus  open  early  in  the  Km 
morning,  while  others  requiring  more  open  some- 
what later.  Some  do  not  open  till  noon,  and  some, 
whose  extreme  delicacy  cannot  bear  the  action  of 
light  at  all,  open  only  at  night,  such  as  the  Cactus 
grandifhraj  or  Ntght*blowing  Cereus. 

But  it  seems  somewhat  doubtful  whether  or  not  Islightth^ 
light  is  the  sole  agent  in  the  present  case  ;  for  it  has  *^  ^^^^^ 
been  observed  that  equatorial  flowers  open  always 
at  the  same  hour,  and  that  tropical  flowers  change 
their  hour  of  opening  according  to  the  length  of 

*  ITip  fvrm  Itth.  r;  A«  f  Lib.  xui.  IS. 
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thechy.    It  has  bean  ob^nred  dso^  Chat  the  fiowen 
of  platits  that  are  removed  from  a  warmer  to  a 
colder  climate  expand  at  a  later  hour  in  the  latter. 
A  aower  that  6pen8  at  six  o'clock  in  the  moraiiig  at 
Senegal^  will  not  open  in  France  dr  Eogtand  till 
eight  or  nine ;  nor  in  Sweden  tiU  ten.     A  Hower 
that  opens  at  ten  o^clock  at  Senegal  will  not  open 
in  France  or  England  till  noon  or  later^  and  in 
Sweden  it  will  not  open  at  alK    And  a  flower  thai 
does  not  open  till  noon  or  later  at  Senegal,  will  not 
open  at  all  in  France  or  England.    This  seema  as  if 
heat  or  its  absence  were  also  an  agent  in  the  open- 
ing and  shotting  of  flowers ;  thou^  the  opening  of 
soi^  as  blow  only  in  the  night  cannot  be.  attribated 
either  to  light  or  heat. 
Vegeuble      Bttt  the  (^nittg  or  shutting  of  sMse  flowers 
^^    *   depends    not  so    much   on    the    action    of     the 
stimulw  of  light  as  op  the  existing  state  of  the  at- 
snespfaere,   and  hence  their  <^ning  or   shutting 
betidcens  change*    If  the  Siberian  Sowthistle  abuts 
at  night,  the  ensuing  day  will  be  fine;  and  if  it  opens, 
it  will  be  cloudy  and  rainy.     If  the  African  Mari* 
gold  contines  shut  after  seven  o'clock  in  the  mom- 
ing,  rain  is  near  at  hand.    And  if  the  Cewoolvubu 
arvcnsiSf  Calendula  flwoiaiisj  or  AnagaUis  arvensu^ 
are  even  already  open,  they  will  shut  upon  the  ap- 
proach of  rain,  the  last  of  which  from  its  peculiar 
susceptibility  has  obtained  the  name  of  the  Poor 
Man*s  Weathernglass. 
Nutation.      Byt  somc  flowers   not  only  expand  during  the 


ligfat  of  day ;  they  incline  alio  towards  the  son^  and 

follow  iris  coarse,  looking  towards  the  east  in  tHe 

mtotningy  towards  the  south  at  noon,  and  towards 

the  west  ih  the  evening ;  atld  again  retuitiing  inn  tbfe 

night  to  4ihefr  ftraier  position  in  the  morliii^.  Sueh 

flowemwe  designated  1^  the  appellation  of  HiUe- 

4rapts^  on  account  of  their  following  the  course  of 

the  ^n ;  and  the  moiKeinent  they  thus  exhibit  is 

^nominated   their  nutution.      Diis  phenotnenon 

had  been  observed  by  the  ancients  long  before  tti^ 

liad  made  any  considerable  progress  in  botany,  awd 

faadetett  been  intervoven  into  their  mytfaology^having 

originated,  according  to  the  records  of  iabulous  his- 

itoiy,  in  one  of  the  metamorphoses  of  early  times. 

Clytie,  inconsolable  for  Uie  loss  of  the  afiections  <£ 

Sd,  by  whom  she  had  been  foreaerly  beloved,  'and 

of  whom  she  was  still  enamoured,  is  represented  sii 

brooding  over  her  grie£i  in  silence  and   solitude; 

where  refusing  all  sustenance^  and  seated  upon  the 

cold  ground,  with  her  eyes  invariably  fixed  on  the 

sun  during  the  day,  and  watching  for  his  return 

during  the  night,  she  is  at  length  transformed  into 

a  flower,  retaining,  as  much  as  a  flower  can  retain 

it,  the  same  unaltered  attachment  to  the  sun.    This 

is  the  flower  which  is  denominated  Heliotropium  Exempli- 

by  the  ancients^  and  described  by  Ovid  as  Fhs  qm  Hdiotrft- 

0d  solem  »oertitur.^     But  it  is  to  be  observed  that  P^""*' 

the  flower  alluded  to  by  Ovid  cannot  be  the  Helith 

tropium  of  the  moderns,  because  Ovid  describes  it 

*  Metamorpb.  lib.  iv,  L  250. 
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as  resembling  the  Violet :  much  less  can  it  be  the 
Sun^flower  of  the  moderns,  which,  is  a  native  of 
America,  and  could  not  consequently  have  been 
known  to  Ovid ;  so  that  the  true  Heliotrepimm  of 
the  ancients  is  perhaps  not  yet  ascertained. 

Bonnet  has  further  remarked  that  the  ripe  ean 
of  Com,  which  bend  down  with  weight  of  grun, 
scarcely  ever  incline  to  the  north,  but  always  less  ar 
more  to  the  south ;  of  the  accuracy  of  which  re- 
mark anyone  may  easily  satisfy  himself  by  looking 
at  a  field  of  Wheat  ready  for  the  sickle;  ;he  will 
find  the  whole  mass  of  ears  noddixig,  as  if  with  one 
consent,  to  the  south. 
And  in        The  cause  of  the  phenomenon  has  been  supposed 
msu        to  be  a  contraction  of  the  fibres  of  the  stem  or 
iBower*stalk  on  the  side  exposed  to  the  sun ;  and 
this  contraction  has  been  thought  by  M.  Oe  La  Hire 
and  Dr.  Hales  to  be  occasioned  by  an  excess   of 
transpiration  on  the  sunny  side ;  which  is  probably 
the  fact^  though  there  seems  upon  this  jmndiple'  to 
be  some  difficulty  in  accounting  for  its  returning  at 
night ;  because  if  you  say  that  the  contracted  side 
expands  and  relaxes  by  moisture,  what  is  it  that 
contracts  the  side  that  was  relaxed  in  the  day  ?  The 
moisture,  of  which  it  is  no  doubt  still  full,  would 
counteract  the  contraction  of  its  fibres,  and  pre- 
vent it  from  resuming  its  former  position  in  tbe 
morning. 
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SUBSECTION  n. 

Action  of  Heat. — ^Heat  as  well  as  light  acts  also 
as  a  powerful  stimulus  to  the  exertion  of  the  vital 
principle.     This  has  been  already  shown  in  treating 
of  the  process  of  germination^  in  which  it  was  found 
that  seeds  will  not  germinate  at  a  very  low  tem- 
peraturcj  even  though  placed  in  a  proper  soil,  so  that 
such  as  sow  themselves  do  not  generally  come  up 
till  the  spring  when  the  temperature  has  been  raised 
to  some  considerable  height  by  the  rays  of  the  re- 
turning sun.     But  the  same  thing  is  observable  As  joflo- 
with  r^rd  to  the  derelopement  and  maturation  of  p^^usion 
the  leaves,  flower,  and  fruit ;  fot  although  all  plants  ^J^\ 
produce  their  leaves,  flower,  and  fruit,  annually,  yet  ^^  f^^^ 
they  do  not  all  produce  them  at  the  same  period 
or  season.    This  forms  the  fdundation  of  what  Lin- 
naeus has  called  the  Catendarium  Flora,  including 
a  view  of  the  several  periods  of  the  Frondescence 
and  E£Borescence  of  Plants,  together  with  that  of  the 
Maturation  of  the  Fruit. 

Akt.  1.  Frondescence. — ^It  must  be  plain  to  every  Seasont 
observer  that  all  plants  do  not  protrude  their  leaves  SS^^'t^ 
at   the  same  season,  and  that  even  of  such  as  do  Pl^°^ 
protrude  them  in  the  same  season,  some  are  earlier 
and  some  later.    The  Honeysuckle  protrudes  them 
in  the  month  of  January ;  the  Gooseberry,  Currant, 
and  Elder,  in  the  end  of  February  or  beginning  of 
March ;  the  Willow,  Elm,  and  Lime-tree,  in  April; 
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and  the  Oak  and  Ash^  which  are  always  tbe  latest 
among  trees,  in  the  l^ianing  Of  towards  the  middle 
of  May.  Many  annuals  do  not  come  up  till  after 
tke  sttmmer  soktiee;  and  many  Mosses  n«t  till 
after  commentement  of  winter.  This  gradoaj  ami 
luocessfve  mifolding  of  the  leaves  of  different  pbnts 
seems  to  arise  fiom  the  pecoKar  susceptibiKty  of  the 
species  to  the  action  of  beat,  as  requiring  a  greater 
or  less  degree  of  it  to  give  the  proper  stimalns  tatbe 
vital  principle.  But  a  great  many  cifcumsteooes 
wiil  always  concur  to  r^der  the  time  of  the  unfold- 
ing of  the  leivves  soooewhat  irregular ;  beeanae  tbe 
mildness  of  th/s  season  i»  by  no  means  unifbrm  at 
llie  same  period  oi  advancement ;  and  becauee  tbe 
leaftng  of  the  pbint  depends  upon*  the  pecuKar  de* 
gree  of  temperature,  and  not  upoa  the  return  of  a 
partioular  day  of  the  year.  Hence  it  baa  been 
tbotgbt  that  no  rule  could  be*  so  good  for  direeiiiig 
tlie  busbandmaa  in  the  sowing  of  his  several  sorts 
of  grain  as  the  leafing  of  such  species  of  treea  as 
might  be  found  by  observation  to  correspond  best 
to  each  sort  of  grain  respeotively,  in  the  degvee  of 
temperature  required. 
Aaipjilip  Linnseus,  who  instituted  some  obeervationa  on 
tModuuui.  ^e  sulgeet  about  the  year  1750,  with  a  view  chiefly 
to  aseertein  tbe  time  proper  for  the  sowing  of  finrley 
in  Sweden,  regarded  the  leafing  of  the  Bircb-tree  as 
bemg  the  best  indication  for  ths^  grain,  and  rscooi* 
mended  the  institution  of  similar  observatioBs  with 
ragtrd  to  other  soite  of  gmin,  upon  the  groundt  of 
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its  great  importance  tb  tbt  IraBbwhimiin.  Buit 
hoircver  pigmible  the  mW  thas  suggested  may  be 
in  iippearuiGe^  and  however  pleasing  it  may  be  id 
eofltemptation^  it  is  not  likely  that  it  will  ^ver  be 
ftmch  attended  to  by  tbe  hasbandman ;  because 
nature  has  furnished  bim  with  indications  that  are 
atill  more  obvious  in  the  very  evidence  of  his  own 
feelings^  as^  well  as  perhaps  more  correct  ^  as  all  trees 
of  the  same  species  do  not  come  into  leaf  precisely 
at  the  same  time,  and  as  the  weather  may  yet  aker 
eren  after  the  meet  promising  indications. 

Art.  i»   EffUmsetnce. — ^Tbe  flowering  of  tbeSeaMm 
plant,  like  the  leallag,  seems  to  dlepend  upon  theSffferanr 
degree  of  temperature  inducedl  by  the  returning  ^^^^^ 
qxing,  as  the  flowers  are  also  protruded  pretty  fe> 
gularly  at  the  same  successive  periods  of  the  season. 
The  Mezereon  and  Siiowwirop  protrudSe  thdr  towers 
in  February  ;  the  Primrose  in  the  mronth  of  Matrcb ; 
the  Cowslip  in  April ;  the  great  mass  of  plants  ki 
May  and  June ;  many  in  July,  August,  and  Septem^ 
ber ;  some  not  tiH  the  month  of  October,  as  tho 
Meadow  Saffipon ;  and  some  not  till  the  approach  or 
middle  of  winter,  as  the  Ztf tlm^mM' and  Artutwi. 
Such  at  ledst  is  the  period  of  their  lowering  in  this 
coimtry ;  but  in  warmer  climates  they  are  earKer, 
and  in  colder  dimates  they  iare  later^ 

Between  the  tropics,  where  the  d^nee  of  hea4^  is 
always  high,  it  often  happens  that  plants  will  ibvMr 
more  than  once  in  the  year ;  becati#s  tbey  do  not 
there  n^uird  ta  nmt  tiH  the  tompeiaituireaf  raaadj^. 
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a  certain  height,  but  merely  till  the  developeimmt 
of  their  parts  can  be  efected  in  the  regular  opera- 
tion of  nature,  under  a  temperature  already  8uffi« 
■  cicnt.  For  the  greater  part,  however,  they  0ower 
during  our  summer,  though  plants  in  opposite 
hemispheres  flower  in  opposite  seasons.  But  in 
all  climates  the  time  of  flowering  depends  also 
much  on  the  altitude  of  the  place  as  well  as  on 
other  causes  aflecting  the  degree  of  heat.  Hence 
plants  occupying  the  polar  regions,  and  plants  oc- 
cupying the  tops  of  the  high  mountains  of  southern 
latitudes  are  in  flower  at  the  same  season ;  and 
hence  the  same  flowers  are  later  in  opening  in  North 
America  than  in  the  same  latitudes  in  Europe,  be- 
cause the  sur&ce  of  the  earth  is  higher,  or  the  win- 
ters more  severe. 
Notde-  Art.  3.  Maturation  of  the  Fruit. — ^Plants  er- 
^  tb^  hibit  as  mudh  of  diversity  in  the  warmth  and  length 
awcring.  ^^  time  necessary  to  mature  their  fruit  as  in  their 
frondescence  and  flowering;  but  the  plant  that 
lowers  the  soonest  does  not  always  ripen  its  fruit 
the  soonest.  The  Hazle-tree,  which  blows  in 
February,  does  not  ripen  its  fruit  till  autumn ; 
while  the  Cherry,  that  does  not  blow  till  May, 
ripens  its  fruit  in  June...  It  may  be  regarded,  how* 
ever,  as  the  general  rule  that  if  a  plant  blows  in 
spring  it  ripens  its  fruit  in  summer,  as  in  the  case 
of  die  Currant  and  Gooseberry;  if  it  blows  in 
summer  it  ripens  its  fruit  in  autumn,  as  in  the  case 
of  the  Vine ;  and  if  it  blows  in  autumn  it  ripens  its 


d£€T.  I.  EXCITABILITV.  433. 

fruit  in  the  winter.  But  the  Meadow  Saffiron, 
vrhich  blows  in  the  autunn,  does  not  ripen  its  fruit 
till  the  succeeding  spring. 

Such  are  the  primary  facts  on  which  a  Calendar  Caleoda- 
rium  Florae  should  be  founded.  They  have  not""™  °'** 
hitherto  been  very  mimitely  attended  to  by  bota- 
nists; and  perhaps  their  importance  is  not  quite 
so  much  as  has  been  generally  supposed :  but  they 
are  at  any  rate  sufficiently  striking  to  have  at^ 
tracted  the  notice  even  of  savages.  Some  tribes  of 
American  Indians  act  upoa  the- very  principle  sug« 
gested  by  Itinnaeus,  and  plant  their  corn  when  the 
wild  Plum  blooms,  or  when  the  leaves  of  the  Oak 
are  about  as  lai^  as  a  squirreFs  ears.  The  nam^s  of 
some  of  their  months  sune  also  designated  from  the 
state  of  vegetation.  One  is  ealled  the  budding 
mouthy  and  another  the  flowering  month ;  one  the 
•Strawberry  month,  and  another  the  Mulberry 
month ;  and  the  autumn  is  designated  by  a  term 
signifying  the  fall  of  the  leaf.*  So  that  the  French 
revolutionists  were  anticipated  even  by  the  Indians, 
in  their  new  names  for  months  and  seasons. 

But  there  are  several  other  ways  in  which  the  Miacdlaa- 
agency  of  heat  may  be,  observed  as  exciting  the  menon."^ 
energies  of  the  vital  power.     The  leafits  of  some 
of   the   leguminous  plants,  when  exposed  to  the 
action  of  an  ardent  sun,  are  often  erected  into  a 
vertical  position  on  each  side  the  leaf-stalk,  which 
they  sometimes  even  pass  so  as  to  close  togethei^. 
*  Barton's  £lem.  p.  24S. 
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Under  similar  cirenmstances  the  leares  of  tiie 
Indian  Mallow  become  concave ;  and  it  seema  m  if 
the  eflect  were  produced  merely,  or  at  least,  chiefly 
by  means  of  heat ;  because  the  same  eflect  may  be 
produced  even  by  means  of  the  application  of  a  hot 
iron ;  and  yet  the  leafits  of  many  such  plants  fold 
themselves  back  at  night  so  as  to  meet  under  the 
leaf-stalk,  a  phenomenon  equally  wonderful  with 
that  of  nutation,  and  not  attributable  to  heat. 
But  several  species  of  Mimosa  exhibit  a  singular 
phenomenon  even  in  the  common  foot-stalk,  which  is 
found  to  have  a  sort  of  natural  movement  dependant 
upon  temperature  also,  so  that  it  is  elevated  in  the 
course  of  the  day,  and  depressed  in  the  course  of  the 
night,  according  to  the  obsenration  of  Du  Hamel.  At 
nine  o'clock  in  the  morning  of  a  day  in  the  month  of 
September,  the  weather  being  moderately  (ine,  the 
foot-stalk  of  a  leaf  of  the  Mimosa  pudka  formed 
by  its  position  an  angle  of  100^  with  the  lower  part 
of  the  stem :  at  noon  it  formed  an  angle  of  1 IS^ : 
at  three  o'clock  in  the  afternoon  it  had  Mien  to  an 
angle  of  100*:  and  during  tlie  night  it  fell  to  an 
angle  of  g(f  ;*  thus  indicating  an  evident  suaeepti- 
bility  to  the  stimulus  of  the  action  of  heat. 
Jkeyiul  As  the  elevation  of  temperature  induced  by  the 
m^^iu  heat  of  summer  is  essential  to  the  full  exertion  of 
ere^D^  the  energies  of  the  vital  principle,  so  the  depression 
winter,  ^f  temperature  consequent  upon  the  coMs  of  winter 
has  been  thought  to  suspend  the  exertion  of  the 

•  Phys^  ^s  Art),  liv,  !▼.  chap.  n% 


tital  energies  aitogMber.  Bot  tlm  opinioii  ti  levU 
deatiy  fottnde^  cm  a  mktftltey  m  is  proV«d  4)]^  ihte 
^mtnpfe  of  such  platatas  as  pnArude  thttir  fea^ei  antf 
flowisrs  ia  the  winter  season  only^  raek  db  many  of 
this  Mosses;  aft  vmH  as  by  the  dissection  of  the  yet 
«itifoided  buds  at  different  periods  of  the  wintef, 
«fen  in  the  esoe  of  sueh  plants  as  pmtrade  tbeit 
leaves  and  Uossoms  in  the  spring  and  summer^  and 
in  which  it  has  been  already  shown  there  is  a  regii« 
lar,  and  gradual^  and  incipient  deyelopement  of 
parfo,  from  the  time  of  the  bud*s  first  appearance 
till  its  ultimate  opening  in  the  spring.  The  sap,  it 
is  true,  flows  much  less  freely,  but  is  iiot  wholly 
stopped.  Hales  lopped  ofi^  some  branches  from 
plants  of  the  Hazle,  Vine,  and  Jessamine  r^speet- 
ivdy,  in  the  course  of  the  winter,  and  covered  the 
section  of  the  separated  branches  with  mastic,  which  . 
in  a  few  days  were  found  to  have  lost  considerably 
in  weight ;  whence  he  inferred  the  motion  of  the 
aap,  because  it  seems  but  reasonable  to  suppose  that 
the  dissipation  of  sap  thus  lost  Would  havis  been  te- 
paired  if  the  branches  had  not  been  cut  offl  Da 
Hamel  planted  some  young  treen  in  the  alitimtt, 
cutting  oft  all  the  smaller  fibres  of  tiie  roiM,  with« 
view  to  wMdh  the  progress  of  the  fdHnatieil  of  new 
anei.  Al  the  eik!  of  every  fortnight  he  had  tfie 
planti  takeA  up  att4  examltted  With  all  pOttiUe  da#e 
to  prevent  injuring  ^tHxi,  and  feund  thJLC$  Wheh  It 
did  not  actually  freefie^  new  roots  wett  iiwikfn  nftl- 
^rmly  devetoped. 
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Though  it      Hence  it  follows  that  even  during  the  period  of 
^t^in-     winter,  when  vegetation  seems  totally  at  a  stand, 
S^n^  the  tree  being  stripped  of  its  foliage,  and  the  herb 
^«  »P"n8- apparently  withering  in  the  frozen  blast,  still  the 
energies  of  vegetable  life  are  exerted ;  and  still  the 
vital  principle  is  at  work,  carrying  on  in  the  interior 
of  the  plant,  concealed  from  human  view,  and  ahd- 
tered  from  the  piercing  frosts,  operations  necessaiy 
to  the  preservation  of  vegetable  life,  or  protrusion 
'  of  future  parts ;  though  it  requires  the  returning 
.  warmth  of  spring  to  give  that  degree  of  velocity  to 
the  juices  which  shall  render  their  motion  cognizable 
to  man,  as  well  as  that  expression  to  the  whole 
plant  which  is  the  most  evident  token  of  life :  in  the 
same  manner  as  the  processes  of  respiration^  diges- 
tion, and  the  circulation  of  the  blood  are  carried  on 
in  the  animal  subject  even  while  asleep ;  though  the 
most  obvious  indications  of  animal  life  are  those  of 
the  motions  of  the  animal  when  awake. 
BythestU     Heat  then  acts  as  a  powerful  stimulus   to  the 
heat        operations  of  the  vital  principle,  accelerating  the 
motion  of  the  sap,  and  consequent  developement 
of  parts;  as  is  evident  from  the  sap's  beginning  to 
flow  much  more  copiously  as  the  warmth  of  spring 
advances,  as  well  as  from  the  possibility  of  antici* 
patiug  the  natural  period  of  their  developement  by 
forcing  them  in  a  hot-house.     But  it  is  known  that 
excessive  heat  impedes  the  progress  of  vegetation  as 
well  as  excessive  cold ;  both  extremes  being  equally 
prejudicial.   And  hence  the  sap  flows  more  copiously 
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in  the  spring  and  autumn,  than  in  either  the  sum- 
mer  or  winter ;  as  may  readily  be  seen  by  watching 
the  progress  of  the  growth  of  the  annual  shoot, 
i^hich  after  having  been  rapidly  protruded  in  the 
spring,  remains  for  a  while  stationary  during  the 
great  heat  of  summer,  but  is  again  elongated  during 
the  more  moderate  temperature  of  autumn. 

Tliere  are  also  several  substances  which  have  been 
found  to  operate  as  stimulants  to  the  agency  of  the 
vital  principle  when  artificially,  dissolved  in  water 
and  applied  to  the  root  or  branch.  The  germination 
of  Peas  is  accelerated  by  means  of  moistening  them 
in  water  impregnated  with  oxygenated  muriatic 
acid,  as  was  first  ascertained  by  Humboldt:  and 
the  vegetation  of  the  bulbs  of  the  Hyaciri^h  and 
Narcissus  is  accelerated  by  means  of  the  application 
of  a  solution  of  nitre.*  Dr.  Barton,  of  Philadelphia, 
found  that  a  decaying  branch  of  Liriodendron  tu- 
lipifera  and  a  faded  flower  of  the  yellow  Iris  re- 
covered and  continued  long  fresh  when  put  into 
water  impregnated  with  camphor;  though  flowers 
and  branches,  in  all  respects  similar,  did  not  recover 
when  put  into  common  water. 

*  VVilldcnow,  p.  295. 
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SGCTXON  IL 
Irritability. 

Plavts  are  tkCft  only  susceptible  to  the  aetioii  of 
the  natural  stimuli  of  light  and  beat,  exciting  tbem 
gradually  to  the  exercise  of  the  fiinctions  of  their 
diflerent  organs  in  the  regular  progress  of  vegeta- 
tion; they  are  susceptible  also  to  the  action  of  a 
variety  of  accidental  or  artificial  stimuli,  from  the 
application  of  which  they  are  found  to  give  indica- 
tions of  being  endowed  also  with  a  property  similar  to 
what  we  call  irritability  in  the  animal  system. 
This  property  is  well  exemplified  in  the  genus  Jfi- 
masa ;  but  particularly  in  that  species  known  by  the 
name  of  the  Sensitive  Plant. 
Exempli-  If  a  leafit  of  this  plant  is  but  touched,  however 
SeDsitm  slightly,  by  any  extraneous  body,  it  immediately 
''  shrinks  into  itself,  and  communicates  the  impulse, 
if  strong,  perhaps  to  the  whole  wing,  each  leafit 
shrinking,  or  each  pair  of  leafits  collapsing  in  sue- 
cession,  and  the  leaf-stalk  itself  sinking  downwards 
as  if  by  a  joint,  at  its  point  of  union  with  the  stem. 
The  following  experiments  were  made  by  Duhamel 
with  a  view  to  ascertain  the  extent  of  its  susceptibi- 
lity :* — ^At  eight  o'clock  in  the  morning  of  a  day  in 
September  a  leaf-stalk  of  a  Sensitive  Plant  formed 
with  the  lower  part  of  the  stem  an  angle  of  135^ 
which  upon  being  touched  fell  to  an  angle  of  80^; 
♦  Phys,  det  Arb.  Iiv,  iv.  chap.  ▼!, 
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an  hour  afterwards  it  rote  again  to  135^,  and  upon- 
being  toadied  a  aecond  time  fell  again  also  to  80^; 
an  hour  and  a  hatf  afterwards  it  rose  to  145^,  and 
upon  being  touched  fell  to  135^,  where  it  remained 
till  fire  o*clock  in  the  evening,  when  upon  bdng 
touched  it  fell  to  1 10^  Hence  it  followB  that  the 
suseeptibility  is  greatest  in  the  morning,  or  during 
the  heat  of  the  day ;  but  the  leaf  recovers  itself 
sooner  or  later  according  to  the  vigour  of  the  plant, 
the  season  of  the  year,  and  temperature  of  die  at<- 
mosphere,  as  well  as  the  hour  of  the  day  at  which 
the  experiment  is  made ;  though  it  does  not  always 
recover  itself  in  the  same  way :  for  sometimes  the 
common  foot-stalk  recovers  first,  sometimes  tbef 
lateral  foot-stalk,  and  sometimes  the  leafiU  them- 
selves. 

The  leaves  of  Dknuta  Musc^ula,  or  Venus' DionM 
Ply-trap,  are  also  extremely  susceptible  to  the  action  u,"*^'^^ 
<^  accidental  stimuK.  They  are  all  radical  and  ap^ 
proaching  to  battledore-shaped,  with  a  sort  of  cir* 
cular  process  at  the  apex,  which  is  bisected  by  a 
midrib  and  ciliated  with  fine  hairs  like  an  eye-lash : 
this  circular  process  is  the  seat  of  irritability^  which, 
if  it  is  touched  wkh  Uij  sharp-pointed  instrument, 
or  if  an  insect  but  alights  upon  it,  the  segments  im^ 
mediately  collapee  and  adhere  so  closely,  that  the 
inseet  is  generally  squeezed  to  death  in  its  grasp ;  or 
at  the  least  detained  a  prisoner. 

A  similar  susceptibility  to  the  notion  of  accidental  Unmn^ 
stimuli  has  b^en  observed  in  the  leaves  rf  the  sevo. 
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ral  British  species  of  Drosera,  or  Sun-dew^  of  wbidi 
a  very  full  and  satisfkctory  account  is  given  in  the 
second  volume  of  Withering's  ArrangenientSj  under 
the  head  of  this  genus. 
Berberis        But  sometimes   the  irritability   resides    in    the 
nis,     '    flower,  and  has  its  seat  either  in  the  stamens  or  style. 
The  former  case  is  exemplied  in  the  flower  of  the 
Berberry,  the  stamens  of  which  when  undisturbed 
lie  reclined  upon  the  petals,  and  shelter  the  anthers 
under  their  concave  tips.     But  if  the  inner  side  of 
the  filament  is  accidentally  or  intentionally  toudied 
with  any  fine  instrument  or  other  pointed  substance, 
the  stamen  immediately  bends  itself  inwards  till  its 
anther  strikes  against  the  stigma.     This  fact  had 
been  long  known  to  botanists^  but  it  remained  to 
be  ascertained  whether  the  susceptibility  in  question 
was  confined  to  the  inner  side  of  the  filament  merely j 
or  whether  it  pervaded  the  whole  stamen.  With  this 
object  in  view.  Sir  J.  £.  Smith,  having  procured  some 
flowers  fully  blown,  on  the  25th  of  May,  1786,  ex- 
amined them  with  great  care,  and  after  applying 
the  point  of  a  quill  or  fine  bristle  with  all  possible 
delicacy  to  every  part  of  the  surface  of  the  stamen, 
he  found  that  it  no  where  exhibited  any  indications 
of  susceptibility  except  on  the  inner  side  of  the  fila- 
ment and  towards  the  base.     It  had  been  thought 
that  the  stamens  possessed  this  property  only  at  the 
time  of  shedding  the  pollen;  but  Sir  J.  E.  Smith 
found  that  they  possess  it  at  all  ages,  and  even  when 
the  petal  with  its  annexed  filament  has  fallen  to  the 
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ground,  gradually  recovering  their  original  situation, 
and  capable  of  being  again  stimulated  as  before.* 

The  stamens  of  Cactus  Tuna,  a  sort  of  Indian  Ctctot 
Fig,  are  said  to  be  endowed  with  a  similar  irritabi*  ""*' 
lity.  If  a  quill  or  feather  is  drawn  across  its  long 
and  slender  filaments,  which  surround  the  germen 
in  great  numbers,  they  will  immediately  begin  to 
bend  to  the  one  side,  and  will  by  and  by  sink  down 
to  the  bottom  of  the  flower.^ 

The  latter  case,  or  that  in  which  the  seat  of  irri-  And  Styli- 
tability  is  confined  to  the  style,  is  exemplified  indui^J^S*" 
Stylidium  glanduhmm,  a  native  of  New  Holland. 
The  style  of  this  flower,  which  is  about  an  inch  in 
lengthy  is  bent  backwards  a  little  above  the  base,  in        « 
the  manner  of  the  piece  of  iron  that  is  fixed  to  the 
end  of  a  shepherd's  crook,  or  to  the  end  of  the  pole 
of  a  chaise;  so  that  the  style  forms  a. sort  of  hook 
with  the  flower-stalk,  the  stigma  being  reflected  so 
as  in  many  cases  to  touch  it.    But  if  the  stigma  is 
itself  touched  with  the  point  of  the  finger,  or  other 
suitable  instrument,  the  style  is  immediately  put 
into  motion,  and  flies  back  till  it  bends  itself  as 
much  in  a  contrary  direction,  and  on  the  other  side 
of  the  flower,  as  it  did  in  its  first  direction.     This 
experiment  I  had  an  opportunity  of  making  on  a 
plant  in  Kew  Gardens,  on  the  31st  of  May,  1810. 

•  Smith's  Tracts-  +  Ibid. 
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Semation. 

Prom  the  &cte  adduced  in  the  preceding  tectioM 
it  is  evident  that  plants  are  endorml  with  a  capaeirf 
of  being  acted  npoa  hy  the  applieation  of  Mtiwrni^ 
whether  mtHral  or  artificial,  indicatiog  the  exkteoee 
of  a  vita]  principle,  and  fcvming  one  of  the  mott 
pron>inent  features  of  it  sdiaracter.    But  betides  this 
obvious  and  acknowledged  property,  it  has  been 
llHMigbt  by  some  phjiologisU  that  plants  eve  en- 
dowed abo  wHh  a  speetea  of  sensatioi>. 
M  aMrib-     Tbe  detail  of  the  argiiments  addueed  in  topport 
piantiby   of  tbts  opinion  is  to^  be  met  with  in  a  psuper  written 
^ andSt'r  by  Dr. Percival,  and  published,  u  I  believe^  in  the 
So^       aeeond  volume  of   tbe  Manchester   IVmsBctfODs, 
though  I  have  never  had  ao  oppoftanity  of  ce«is%ilt- 
ing  ft ;  but  as  tbe  opinion  bos  been  also  adopted  by 
Sir  J.  £.  Smith  and  advocated  wiik  some  degree  of 
zeal,  it  is  to  be  presumed  he  has  selected  and  exhi- 
bited the  most  substantial  arguments  which  die  caee 
aferds,  either  in  his  Lectures  or  Introduction.    And 
yet  it  cannot  be  said  that  he  advances  his  argomeots 
with  any  great  degree  of  confidence/  a<  be  seems 
rather  to  hope  that  the  doctrine  may  be  true,  thaa 
to  think  he  has  proved  it  to  be  so.     But  he  regards 
On  the     the  irritability  of  the  Sensitive  Plant  and  others, 
^ome.  the  phenomenon  of  the  fecundation  of  the   FalU- 
S^J^   neria,   together  with  that  of  the  sleep  of  plants^  ss 


obsenred  in  Ai«  P^gptUouMCia^  W«ter4ify^  m4  P^n^  •^ 
0(thert»  as  aflbrdiog  iii  feast  a  ttroag  presuoiptioa  thai 
pbate  am  endowed  wiih  the  fiumlty  of  sensation ;  be* 
eause  he  thinks  it  difikult  to  aeconnt  for  the  phe* 
nomenam  anj  other  sajuposition ;  awt  becansethe 
anpix>ttli0n  is  besides  the  most  eonsonant  to  our 
aotions  of  the  Dtirine  goodness,  as  there  are  but 
fevr  plants  in  comparison  that  snfler  from  (he  attacks 
or  naen  or  animus.* 

The  opposers  of  this  doctrine  argne  thusi  :*^IS  die 
mere  commnnication  of  a  sentient  principle  were 
attffieient  to  secure  the  hapfsnesa  of  the  sentient 
beings  however  sitnated  and  in  whutever  degree  coo- 
ferred»  then  it  might  be  consonant  to  onr  nations  of 
the  Divine  Goodness  to  soppose  ita  existence  in 
plants.  But  as  plants  have  no  mesuis  whatever  of 
seU^preservation  or  defence,  and  are  expoaed  indin- 
criminatdy  to  the  perpefenal  attacks  both  of  men 
and  animals,  sensation  could  hardly  be  regarded  as 
a  blessing  if  it  were  even  conferred  on  them.  We 
detract  nothing  therefore  from  the  Divine  Goodness 
by  snpposing  them  devoid  of  sensation ;  we  rath^ 
add  to  it. 

And  perhaps  it  is  fees  difficult  to  account  for  the  That  may 
phenomena  in  qaestion  than  has  been  imaginedm    I3  comted 
not  the  susceptibility  of  the  Mrmmh  Stylidkm,  wfsT^^ 
and  others  to  the  action  of  irritatittg  stimuU,  some^ 
thing  similar  to^  that  of  the  muscahu*  fibre  of  an^ 
mats  when  exposed  to  the  actioa  of  the  Galvanic 
*  IhtroAicfbi)^  chap,  k 
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fluids  after  the  sentient  principle  is  gone  ?  Is  not  the 
submersion  of  the  Water  Lily  during  the  night,  if 
such  is  the  fact,  the  result  merely  oi  the  drinking 
of  the  stem,  in  the  absence  of  light  and  warmth  t  or 
of  an  alteration  in  the  specific  gravity  of  the  flower, 
in  consequence  of  the  folding  in  of  the  petals  r  Is 
not  the  emerging  of  the  male  flowers  of  the  Valis- 
neria  at  the  period  of  impr^nation,  as  well  as  the 
subsequent  sinking  down  of  the  female  flower,  to  be 
attributed  to  the  same  cause  r  And  is  not  the  ex- 
pansion of  the  petals  during  the  day,  and  their  shut* 
ting  up  during  the  night,  as  well  as  also  the  mutsp 
tion  of  the  plant,  to  be  attributed  merely  to  the 
chemical  action  of  light  and  heat  operating  upon 
the  fibres,  or  vital  principle  of  the  •  plant,  as  was 
supposed  by  Hales  ?  If  these  causes  are  suflicient 
to  account  for  the  efl^ts  in  question,  then  it  would 
be  altogether  unphilosophical  to  allege  the  agency 
of  a  higher  cause. 
Hedyta-  But  one  of  the  strongest  indications  of  the  ex* 
nos.  istence  of  a  species  of  sensitive  principle  in  the  plant 
is  perhaps  that  which  is  exhibited  in  the  case  of 
Hedysarum  gyrans.  This  plant  is  a  native  of 
India,  and  grows  on  the  banks  of  the  Ganges,  its 
leaves  are  ternate,  the  middle  leafit  being  lai^r, 
and  the  lateral  leafits  smaller.  All  of  them  are  in 
perpetual  motion  up  and  down,  sometimes  equably 
and  sometimes  by  jerks,  but  without  any  unison  be- 
tween each  other;  the  motion  being  always  the 
most  distinct  and  most  rapid  in  the  lateral  leafits. 
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If  their  motion  is  temporaHly  suspended  by  grasping 
them  in  the  band^  they  quicken  it  when  the  hand 
is  remored^  as  if  to  make  up  for  lost  time,  and  by 
and  by  resume  their  original  vdocity.  This  nidye- 
inent  does  not  depend  upon  the  af^licatidn  df  any^ 
external  stimnlus^^  because  it  takes  place  alike  hf 
nigfht  and  by  day,  in  the  dark  and  in  the  light,  and 
requires  only  a  Tery  warm  and  fine  day  to  be  effedtiid 
in  the  best  style ;  the  leares  exhibiting  then  a  sort 
of  tremi]iious  motion  in  addition  to  that  already  de^ 
scribed.  Such  is  a  phenomenon  that  puzzles  and 
astonishes  every  beholder,  and  still  remains  in^pli^ 
cable  ;  but  which  participates  more  of  the  character 
of  animal  spontaneity  than  any  other  movement 
hitherto  observed  in  vegetables. 


SECTION  IV. 
Instinct. 

Tusius  is  also  a  variety  of  phenomena  exhibited  Diffical^ 
throi^hout  the  extent  of  the  vegetable  kingdom,  ^S^d!|.^ 
some  of  wh»eh  are  common  to  plants  in  general,  °'^*^'^' 
and  some  peculiar  to  certain  species,  that  have  been 
thought  by  several  botanical  writers  to  exhibit  indi« 
cation^  not  merely  of  sensation,  but  of  instinct.    . 
The  tendency  of  plants  to  incline  their  stem  and  to 
tnrn  the  upper  surface  of  the  leaves  to  the  I%ht,  Aa 
direction  which  the  extreme  fibres  of  the  root  will 
often  take  to  reach  the  best  nourithmcnt^  the  fold- 

VOL.  II.  2  u 
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iDg  up  of  the  flower  on  the  approach  of  raio^  the 
rising  and  falling  of  the  Water  Lily,  and  the  pe- 
culiar  and  invariable  direction  assumed  by  the  twin- 
ing  stem  in  ascending  its  prop,  are  among  the  phe- 
nomena that  have  been  attributed  to  instinct.*  1 
have  myself  endeavoured  to  establish  the  doctrine  of 
the  existence  and  agency  of  an  instinctive  principk 
in  the  plant,  upoii  the  ground  of  the  direction  in- 
variably assumed  by  the  radicle  and  plumelet  respect- 
ively in  the  germination  of  the  seed ;  and  to  my 
paper  on  this  subject  I  must  for  the  present  be 
content  to  refer  my  reader.*|* 

SECTION  V, 

Definition  of  the  Plant. 

But  if  vegetables  are  living  beings  endoived  with 
sensation  and  instinct,  or  any  thing  approach- 
ing to  it,  so  as  to  give  them  a  resemblance  to  ani- 
mals, how  are  we  certainly  to  distinguish  the  plant 
from  the  animal  i  At  the  extremes  of  the  two  king- 
doms the  distinction  is  easy ;  the  more  perfect 
animals  can  never  be  mistaken  for  plants,  nor  the 
mor^  perfect  plants  for  animals,  but  at  the  mean, 
where  the  two  kingdoms  may  be  supposed  to  unite, 
the  shades  of  discrimination  are. so  very  faint  or 
evanescent  that  of  some  individual  productions  it  is 
almost  impossible  to  say  to  which  of  the  kingdoms 

•  Tupper's  Probability  of  Sensation  in  Vegetables, 
t  Lio.  Tram.  yoK  xi«  part  ii. 
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they  belong.  Hence  it  is  that  substances  which 
have  at  one  time  been  classed  among  plants,  have  at 
another  time  been  classed  among  animals;  and 
there  are  substances  to  be  met  with  whose  place 
has  not  yet  been  satisfactorily  determined.  Of 
these  I  may  exemplify  the  genus  Corollinay  which 
Liinnseus  placed  among  animals,  but  which  Gaertner 
places  among  plants;  and  between  authorities  so 
great  who  shall  attempt  to  decide  ?  To  the  unex« 
perienced  naturalist  perhaps  the  undertaking  may 
appear  easy ;  but  the  great  diversity  of  rules  which 
have  been  devised  for  the  purpose  of  fixing  the 
limits  of  the  two  kingdoms  shows  but  too  plainly  the 
difficulty  of  the  task. 

The  definitions  of  the  earlier  botanists  were  very  Ddini- 
inaccurate.     One  of  the  ancients  defined  a  plant  to  l^rlier^bo^ 
be  an  animal  fixed  by  means  of  a  root     But  this  **"''^- 
definition  is  good  for  nothing,  for  it  requires  the  as- 
sistance of  at  least  two  others  to  make  it  intelligible 
*— one  for  the  term  animal^  and  another  for  the  term 
root ;  and  if  when  you  come  to  the  term  animal  you 
proceed  upon  the  same  principle,  you  must  then  say 
that  it  is  a  wandering  plant  that  has  no  root  to  fix  it : 
so  that  .thus  you  define  your  terms  in  a  circle,  and 
explain  nothing. 

Jungius,   a  botanist  who  flourished  about  the  Of  Jun< 
beginning  of  the  l/th  century,  defined  a  plant  to  be^"** 
a  body  possessing  vitatity,  but  without  sensation, 
and  fixed  to  a  certain  spot  from  which  it  derives  the 
nourishment  necessary  to  the  developement  of  its 

2  H  2 
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parts,  and  reproduction  of  the  speeiee.  Tbin  defini- 
tion  is  no  doxxht  a  great  iv^provemeot  upon  the 
fcraier,  but  it  cannot  be  said  to  }^  by  any  meaas 
correct ;  for  as  it  has  not  yet  heet  proved  that  plaati 
are  endowed  with  sensation,  so  neither  has  it  been 
proved  that  they  are  totally  devoid  of  it*  And  it  is 
very  well  known  that  all  vegetables  are  not  G<tt6ned 
to  a  particular  spot,  and  that  snob  as  are  so  con- 
fined do  not  always  derive  their  nourishmeftt  from 
that  spot ;  many  of  the  aquatics  even  in  their  vege- 
tating state  are  wafted  on  the  surface  of  the  water 
by  means  of  the  winds^  or  impelled  by  the  actioo 
of  the  waves,  and  many  of  the  Lichens  and  Algs 
are  attached  even  to  the  solid  rock. 
OfLtn-  Linnseus,  the  great  relbrmer  of  natntal  histoiy 
and  chief  of  all  botanists,  undertook,  as  well  be- 
.  came  him,  to  fix  and  define  the  boundariea  of  the 
mineral,  vegeUble,  and  animal  kingdom ;  hia  dkfi* 
tion  is  as  fellows : — ^^  Stones  grow ;  planta  grow 
and  live ;  animals  grow,  live,  and  feel.*"  This  defi- 
nition is  extremely  plausible,  and  bears  upon  the 
face  of  it  the  genuine  stamp  of  the  bold  and  mas- 
terly manner  of  Linnseus.  But  with  all  due  defe- 
rence to  that  great  and  illustrious  natnraliatj  still 
his  definition  must  be  regarded  as  defective,  at 
least  as  rebtive  to  the  distinction  between  the 
animal  and  the  plant.  For  in  the  first  place,  as  it 
is  not  quite  certain  that  some  plants  do  not  also  feel 
as  well  as  live,  it  is  liable  to  the  isanie  objection  with 
the  definition  of  Jongius,  on  which  indeed  it  seems 
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to  be  founded ;  and  in  the  neAl  place,  as  we  tfva 
poeaessed  of  no  crtterion  by*  which  we  ooay  infallibly 
judge  of  the  existence  of  the  faculty  of  sensation, 
the  difficulty  of  decision  remains  the  same  as  befon^f 
For  if  I  should  happen  to  meet  with  an  animal  which 
does  not  exhibit  what  I  might  be  inclined  to  regard 
as  a  satisfactory  evidence  of  sensation,  I  must  of 
neeesaity  arrangi?  it  in  the  class  of  vegetables,  while 
at  the  same  time  it  still  remains  an  animal* 

M.  Bonnet,  of  Geneva,  defined  the  plant  to  be  an  Of  Bon- 
organized  body  nourished  by  n>eans  of  roots  placed  ^^^' 
externally ;  the  animal  beti^  just  the  converse- 
that  is,  an  organiz^^  body  nourished  by  mAns  o€ 
roots  placed  internally^  namely,  the  lacteals  of  th6 
animal  system.    This  definition  is  sufficiently  ap-  r 

plicable  to  the  generality  of  cases,  but  it  fails  just 
where  the  foregoing  definitions  have  been  found  to 
fail — ^that  is,  in  cases  which  are  really  doubtful.  And 
if  this  criterion  is  the  only  true  test  of  distinction 
between  the  animal  and  vegetable,  then  all  animals* 
whatever  before  they  are  protruded  from  the  egg  or 
womb  are  to  be  regarded  as  plants ;  because  they 
are  then  nourished  by  means  of  an  umbilicus^  which 
we  cannot  but  regard  as  an  external  root. 

Dissatisfied  with  all  previous   distinctions,  and  or  Hed- 
qualified  from  the  depth  of  his  knowledge  and  eju  ^*^ 
tent  of  his  views  to  mark  and  8^?lect  the  most  de- 
cisive characters  of  discrimination,  the  acute  and  in* 
defiktigable  Hedwig  suggested  the  following  role^ 
founded  as  he  thought  on  a  universal  law  of  vege* 
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table  ifeture,  and  affording  the  only  incontrovertible 
test  by  which  the  plant  is  to  be  discriminated  from 
the  animal ;  namely,  that  the  reproductive  organs 
after  having  discharged  their  peculiar  functions, 
uniformly  decay  and  drop  off  before  the  fruit  has 
reached  maturity,  while  those  of  the  animal  remain 
permanent,  and  perish  only  with  the  individual 
itself*  But  if  it  is  true,  as  Gsrtner  maintains, 
that  some  genera,  perhaps  even  some  tribes  of 
plants  are  destitute  of  sexual  oi^ns  altogether,  and 
propagated  not  by  seeds  but  'by  gems ;  or  if  there 
are  either  plants  or  animals  whose  sexual  organs 
have  not  yet  been  detected,  as  in  the  case  of  the 
Polypi,  what  after  all  is  the  value  of  the  rule  r 
OfMirbel.  Finally,  M.  Mirbel,  a  botanist  of  some  consider- 
able celebrity  on  the  continent,  has  introduced  a 
criterion  founded  on  the  character  of  the  substances 
on  which  plants  and  animals  respectively  feed. 
Plants  feed  upon  unorganized  substances,  that  is, 
upon  earths^  salts,  water,  or  gases:  animals  feed 
upon  substances  already  organized,  that  is  either 
upon  vegetables,  or  animals,  or  their  products ;  but 
never  wholly  upon  substances  in  an  unorganized 
state.  Such  is  obviously  the  &ct,  at  least  in  the 
case  of  the  more  perfect  animals  and  vegetables, 
which  M.  Mirbel  was  accordingly  not  the  first  to 
remark ;  for  the  remark  had  been  made,  essentially 
at  least,  by  Lord  Bacon,  though  the  division  of  ma- 
terial substances  into  organized  and  unorganized 
-    *  Tracts  relative  to  Bot.  London,  1805* 
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was  not  yet  introduced :  *  but  it  was  made  in  the  veiy 
terms  of  the  division  by  M.  Bonnet,  in  his  Consi- 
derations sur  les  Corps  Organises;  and  by  Fourcroy, 
in  his  SystSme  des  Conaissances  Chimiques,*|*  who 
regards  it  as  affording  the  best  criterion  for  dis- 
tinguishing the  mineral  firom  the  plant.     But  M. 
Mirbel  seems  to  have  been  the  first  who  has  adopted 
it  as  affording  a  universal  criterion  for  distinguish- 
ing the  plant  from  the  animal,  and  it  seems  to  have 
ali^dy  obtained  a  preference  even  with  some  of  the 
best  judges,  though  it  does  not  yet  appear  to  have  been 
very  scrupulously  put  to  the  test.:{;    Is  it  true  that  the 
Lumbricus  terrestris  feeds  only  on  earthy  as  has  been 
generally  supposed,  or  does  it  feed  ako  on  roots  ? 
What  is  the  food  of  leeches  and  minnows,  which  have 
been  known  to  live  for  years  merely  in  pure  water  ? 
And  what  is   the  food  of  zoophytes  in  general? 
Till  these  questions  are  satisfactorily  answered  the 
criterion  cannot  be  deemed  infallible.     Regarding 
it,  however,  as  the  best  ground  of  distinction  that 
has  hitherto  been  suggested,  I  deduce  from  it  the 
following  definition  of  the  vegetable  and  animal : — 
A  vegetable  is  an  organized  and  living  substance 
springing  from  a  seed  or  gem,  which  it  again  pro- 
duces ;  and  eflecting  the  developement  of  its  parts 
by  means  of  the  intro-susception  and  assimilation  of 

*  Videmus  enim'  berbas  et  planus,  ex  terra  et  aqua  nutriri; 
animalia  vero,  ex  herbis  et  fruciibus.     De  Aug*  Scien.  1.  iv. 
+  Smith's  IntroductioD,  chap.  i. 
{  Tome  vii.  p.  34. 
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^norganilsed  substooces,  which  it  derives  firoiD  tfao 
atmosphere  or  the  soil  in  which  it  grows.  The  defi- 
nition of  the  animal  is  the  counter»part :  an  animal 
as  an  organized  and  living  being  proceeding  frooa  an 
egg  or  embryo^  which  it  again  produces;  and  effect- 
ing the  devdopement  of  its  parts  hy  means  of  the 
intro-susception  of  organized  substances,  or  their 
{H*oduGts. 

|f  no  one  of  the  Ibr^oing  rules  cmt  definitions  is 
altogether  without  exception^  neither  is  there  any 
one  6f  them  without  its  utility.  They  are  all  founded 
on  some  leading  feature  observable  in  at  least  the 
greater  part  of  the  subjects  meant  to  be  characterized; 
and  if  the  naturalist  does  not  succeed  in  the  attain- 
ment of  bis  olyect  by  means  c^  the  adoption  of  any 
one  rule,,  he  VKiH  probably  succeed  by  means  of  the 
did  of  another ;  for  if  all  of  them  should  even  prove  to 
be  defective,  they  will  not  all  be  defective  id  the  same 
respect;  and  at  the  most  it  is  only  in  a  few  cases 
|hat  difficulties  are  likely  to  occur,  and  in  which  it  is 
to  be  feared  that  difficulties  will  always  remain. 
For  if  n^t^re  htis  not  assigned  to  the  animal  and 
yegetab)^  )(ingdoms  respectively  any  definite  and 
sp^ific  limits,  but  has  blended  them  as  it  were  both 
^eth^r,  it  is  in  ^vain  for  man  to  institute  his  dis- 
^inp^ionftf    It  Is  extremely  desirable,  however,  that 
soqi^  critepon  should  be  established,  as  general  ia 
jts  extent  anc)  as  easy  in  its  application  as  possible; 
ajid  for  vX\  practical  purposes,  perhaps  plants  may 
bg  distinguished  from  ainimals  with  sufficient  sf- 
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curacy  by  means  of  the  trial  of  burning;  as  animal 
substances  in  a  state  of  ignition  exhale  a  strong 
and  phosphoric  odour^  which  vegetable  substances 
do  not. 


CHAPTER  XII. 

CASUALTIES  AFFECTING  THE  UFE  OF  VEGETABLES. 

As  plants  are,  like  animals,  organized  and  living 
beings,  they  are,  like  animals  also,  liable  to  such  aoci* 
dental  injuries  and  disorders  as  may  affect  the 
health  and  vigour,  or  occasion  the  death  of  the  indi-» 
vidual ;  which  is  at  any  rate  eventually  effected  by 
means  of  the  natural  decay  and  final  extinction  of 
the  vital  principle.  Hence  the.  subject  of  vegetable 
casualties  divides  itself  into  the  three  following^ 
heads*— Wounds,  Diseases^  Natural  Decay. 

SECTION  I. 
Wounds. 

A  wouNi>  is  a  forcible  separation  of  the  solid  parts  inteouont 
of  the  plant  ^ected  by  means  of  some  external  ci^Jjo^jJI^^ 
cause.  It  maybe  intentional,  as  in  thecaseof  incision^ 
boring,  girdling,  grafting,  pruning,  felling,  and  such 
like  operations ;  or  it  may  be  accidental,  as  in  the 
case  of  injuries  sustained  by  the  rubbing  cur  bfowsing 
fkf  fat^le ;  by  the  bite  and  depredation  of  insects, 
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hares^  rabbits;  by  lightning;  by  weight  of  fruit; 
or  by  violent  storms  of  wind,  hail^  snow. 


SUBSECTION   I. 

Some-  /nci>ioii.— Incisions  are  sometimes  necessary  to 

^|^"J^  the  health  of  the  tree,  in  the  same  manner  perhaps 
the  health  as  bleeding  is  necessary  to  the  health  of  the  animal. 
I^t       The  trunk  of  the  Plum  and  Cherry-tree  seldom  ex- 
pand freely  till  a  longitudinal  incision  has   been 
made  in  the  bark  ;  and  hence  this  operation  is  often 
practised  by  gardeners.     If  the  incision  affiscts  the 
epidermis  only  it  heals  up  without  leaving  any  acar ; 
if  it  penetrates  into  the  interior  of  the  bark  it  heals 
up  only  by  means  of  leaving  a  scar ;  bat  if  it  pene* 
trates  into  the  wood,  the  wound  in  the  wood  itself 
never  heals  up  completely ;  but  new  wood  and  hark 
are  formed  above  it  as  before. 


SUBSECTION  II. 

Employed  Borifig. — ^Boring  is  an  operation  by  which  trees 
the*^"^*  are  often  wounded  for  the  purpose  of  making  them 
part  with  their  sap  in  the  season  of  their  bleeding, 
particularly  the  Birch-tree  and  American  Maple.  A 
horizontal  or  rather  slanting  hole  is  bored  in  them 
with  a  wimble,  so  as  to  penetrate  an  inch  or  two  into 
the  wood,  from  this  the  sap  flows  copiously;  and 
though  a  number  of  holes  is  often  bored  in  the  same 
trunk,  the  health  of  the  tree  is  not  materially  if  at 
1 
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all  afiected.  For  trees  will  continue  to  thrive  though 
subjected  to  this  operation  for  many  successive  years ; 
and  the  hole^  if  not  very  large,  will  close  up  again 
like^  the  deep  incision,  not  by  the  union  of  the 
broken  fibres  of  the  wood,  but  by  the  formation  of 
new  bark  and  wood  projecting  beyond  the  edge  of 
the  orifice,  and  finally  shutting  it  up  altogether* 

SUBSECTION  III. 

Girdling* — Girdling  is  an  operation  to  which  Employed 
trees  in  North  America  are  often  subjected  when  the  plant. 
farmer  wishes  to  clear  his  land  of  timber.  It  con- 
sists in  making  parallel  and  horizontal  incisions 
^ith  an  axe  into  the  trunk  of  a  tree,  and  carrying 
them  quite  round  the  stem  so  as  to  penetrate  through 
the  alburnum,  and  then  to  scoop  out  the  intervening 
portion.  If  this  operation  is  performed  early  in  the 
spring  and  before^he-commencement  of  the  bleed- 
ing season,  the  tree  rarely  survives  it;  though  some 
trees  that  are  peculiarly  tenacious  of  life,  such  as 
jicer  saccharinum  and  Nyssa  integrifolia,  have 
been  known  to  survive  it  a  considerable  length  of 
time.* 

SUBSECTION  IV, 

Fractures. — If  a  tree  is  bent  so  as  to  break  part 
only  of  the  cortical  and  woody  fibres,  and  the  stem 
or  branch  but  small,  the  parts  will  again  unite  by 

*  Barton's  Elena,  of  Bot.  Part  ii. 
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being  pot  back  into  their  natural  position^  and  well 
propped  up.  Especially  the  cure  may  be  expected 
to  succeed  if  the  fracture  happens  in  the  spring ; 
but  it  will  not  succeed  if  the  fracture  is  accooipaDied 
with  contusion^  or  if  the  stem  or  branch  is  lai^ ; 
and  even  where  it  succeeds  the  woody  fibres  do  not 
contribute  to  the  union,  but  the  granular  and  herba* 
ceous  substance  only  which  exudes  from  between 
the  wood  and  liber,  insinuating  itself  into  all  inter- 
stices  and  finally  becoming  indurated  into  wood. 


SUBSECnON   V. 

Pr»m/i^.— Wounds  are  necessarily  inflicted  by 
tbe  gardener  or  forester  in  the  pruning  or  lopping  off 
cf  superfluous  branches,  but  this  is  seldom  attei^ded 
with  any  bad  efiects  to  the  health  of  the  free,  if  done 
by  a  skilful  practitioner ;  indeed  no  ftirther  art  is 
requifed  merely  for  the  protection  of  the  tree  be- 
yond that  {^cutting  the  branch  through  in  a  sloping 
direction  so  as  to  prevent  the  rain  from  lodging. 
In  this  case  the  wound  soon  closes  up  by  tlie 
induration  of  the  exposed  surface  of  the  section,  and 
by  the  protrusion  of  a  granular  substance,  forming  a 
sort  of  circular  lip  between  the  wood  and  bark ;  and 
hence  the  branch  is  never  elongated  by  the  growth 
of  the  same  vessels  that  have  been  cut,  but  by  the 
pfotriision  of  new  bqds  near  the  point  of  section. 
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SUBSECTION  VI. 

Grafting. — In  this  operation  there  is  a  wound 
both  of  the  stock  and  graft ;  which  are  united,  as  has 
been  shown  in  a  former  chapter,  not  by  the  imme- 
diate adhesion  of  the  surfaces  of  the  two  sections,  jbut 
by  means  of  a  granular  and  herbaceous  substance 
exuding  from  between  the  wood  and  bark,  and  in- 
sinuating itself  as  a  sort  of  cement  into  all  opea 
spaces :  new  wood  is  finally  formed  within  it,  and 
tlie  union  is  complete. 

fiuBsBcnoN  vn. 

^elUng. — Felling  is  the  operation  of  cutting  down 
trees  close  to  the  ground  which  many  of  them  wijil 
yet  survive,  if  the  stump  is  protected  from  the  in- 
juries of  animals,  and  the  root  fresh  and  vigorous. 
In  this  case  the  fibres  of  the  wood  are  never  again 
regenerated^  but  a  lip  is  formed  as  in  the  case  of 
pruning ;  and  buds,  that  spring  up  into  new  shopts^ 
are  protruded  near  the  section  :  so  that  from  th^  old 
shoqt,  ten,  twelve,  or  even  twenty  new  stems  may 
issue  according  to  its  size  and  vigour.  The  stools  of 
the  Oak  and  Ash-tree  will  furnish  good  examples ; 
but  there  are  some  trees,  such  as  the  Fir,  that  never 
seiid  out  any  shoots  after  the  operation  of  felling* 
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SUBSECTION   VIII. 

Destruction  of  Buds.— It  has  been  already 
shown  that  the  buds  which  expand  in  the  spring  are 
generated  in  the  preceding  summer,  and  augmented 
and  prepared  for  developement  in  the  intervening 
winter.  But  if  the  buds  are  destroyed  in  the  course 
of  the  winter,  or  in  the  early  part  of  the  spring, 
many  plants  will  again  generate  new  buds  that  will 
develope  their  parts  as  the  others  would  have  done, 
except  that  they  never  contain  blossom  or  fruit.  By 
what  means  are  the  buds  regenerated  ? 

Du  Hamel  thought  they  sprang  from  pre-or- 
ganized  germes  which  he  conceived  to  be  dispersed 
throughout  the  whole  of  the  plant.  His  proofs  are 
founded  on  the  following  experiments: — Having 
taken  some  cuttings  of  the  Willow,  he  stuck  them 
in  the  earth,  and  made  them  at  the  same  lime  pass 
through  a  barrel  filled  with  earth,  so  as  to  have  a 
portion  exposed  to  the  air  between  the  earth  and 
the  barrel,  and  another  portion  projecting  above  the 
barrel.  The  part  inserted  in  the  ground  produced 
roots,  and  the  part  passing  through  the  earth  con- 
tained in  the  barrel  produced  also  roots,  but  the  other 
two  portions  produced  branches.  It  was  of  little  con- 
sequence whether  they  were  inserted  in  the  earth 
by  the  upper  or  under  extremity;  and  they  vege- 
tated even  when  made  to  pass  through  the  barrel 
horizontally.     But  a  cutting  which  was  stuck  into 


SECT.  1.  WOUNDS*  47f 

the  under  surface  of  the  earth  contained  in  the  bar* 
rel^  with  the  top  pointing  downwards,  did  not 
vegetate.  Hence  he  concUided  that  germes  both 
of  the  root  and  branch  are  dispersed  throughout  the 
whole  of  the  plant,  and  are  developed  as  the  exi- 
gency of  the  case  requires.* 

Others  less  prodigal  of  germes  think  that  the 
buds  are  regenerated  only  from  the  plexus  of  the 
vessels  of  the  inner  bark ;  perhaps,  because  it  is 
from  the  inner  bark  that  the  union  of  the  graft  and 
stock  is  effected.  But  Mr.  Knight  thinks  he  has  dis- 
covered the  true  source  of  the  regeneration  of  buds 
in  the  proper  juice  that  is  lodged  in  the  alburnum. 
This  conjecture  is  supported  by  the  following  facts  : 

If  the  stalk  of  Crambe  maritma  is  cut  off  near 
the  ground  in  the  spring,  the  pith  within  that  part 
of  the  stalk  which  remains  still  attached  to  the  root 
rots,  and  a  cup  is  formed  that  collects  water  in  the 
succeeding  winter.  The  sides  of  the  cup  consist  of 
a  woody  substance  which  resembles  the  alburnum 
of  trees,  and  new  buds  are  often  seen  in  the  follow- 
ing spring  to  be  protruded  from  within  the  cup. 

Buds  were  also  observed  to  be  generated  on  the 
sections  formed  by  the  knife  in  separating  Potatoes 
into  cuttings,  and  were  in  many  instances  elongated 
into  runners,  which  gave  origin  to  other  tubers. 
Now  the  Potatoe,  says  Mr.  Knight,  consists  of  four 
distinct  parts ;  the  epidermis,  true  skin,  bark,  and  in- 
ternal mass,  which  he  denominates  an  alburnum, 
*  Phys.  des  Arbres,  liv.  iv.  chap.  v. 
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tfaoqgh  it  may  well  be  doubted  whether  this  deno- 
mination is  correct 

Mr.  Knight's  experiments  were  now  extended  to 
woody  plants,  a  number  of  which  he  raised  in  the 
spring  of  1802,  from  seeds  of  the  Apple,  Pear,  and 
Plum-tree,  and  cut  down  in  the  autumn  to  the  col- 
lar, exposing  at  the  same  time  part  of  the  root.  In 
the  beginning  of  the  following  spring,  a  number  of 
small  protuberances  were  observed  on  jChe  bark  of 
the  exposed  roots,  which  were  found  to  4)e  occa- 
sioned by  small  processes  issuing  from  the  albur- 
num. They  were  incipient  buds,  and  were  deve* 
loped  as  the  spring  advanced,  forming  shoots  similar 
in  every  respect  to  those  which  might  have  been 
expected  from  the  stem  that  was  cut  down.  Ex- 
periments that  were  made  upon  the  stem  and  root 
of  aged  trees  gxve  the  same  result,  establishing',  as 
Mr.  Knight  thinks,  the  position  that  the  alburnum 
possesses  the  power  of  organizing  and  regenerating 
buds. 

But  this  after  all  is  not  much  different  from  the 
doctrine  of  the  pre-organized  germes  of  Du  Hamel ; 
and  certainly  not  quite  so  convenient*  For  the 
germes  of  Du  Hamel  are  always  ready  against  the 
occurrence  of  any  accident ;  whereas  those  of  Mr. 
Knight  are  manufactured. out  of  the  alburnum  only 
after  the  accident  has  occurred. 

But  is  it  not  singular  that  buds  thus  regenerated 
never  contain  or  produce  either  flower  or  fruit  ?  Per- 
haps it  is  because  the  fruit  bud  requires  more  tima 
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to  develope  its  parts,  or  a  peculiar  and  higher  degree 
of  elaboration ;  and  that  this  hasty  production  is 
only  the  eflect  of  a  great  effort  of  the  vital  principle 
for  the  preservation  of  the  individual,  and  one  of 
those  wonderful  resources  to  which  nature  always 
knows,  how  to  resort  when  the  vital  principle  is  in 
danger. 

SUBSECTION  IX. 

Destruction  of  Leasts. — Sometimes  the  leaves 
of  a  tree  are  destroyed  partially  or  totally  as  soon 
as  they  are  protruded  from  the  bud,  whether  by  the 
depredations  of  caterpillars  or  other  insects^  or  by 
the  browsing  of  cattle.  But  if  the  injury  is  done 
early  in  the  springs  new  leaves  will  be  again  pro- 
truded with  subsequent  shoots.  This  I  observed  in 
the  case  of  a  small  Roan-tree  that  had  been  totally 
stripped  of  its  leaves  by  the  browsing  of  a  cow ;  but 
new  leaves  were  soon  afterwards  produced,  as  well 
as  new  shoots,  though  the  tree  had  been  transplanted 
both  early  in  that  spring,  and  in  the  spring  preced- 
ing. The  shoots  were  but  short,  and  the  leaves 
were  protruded  from  buds  not  so  forward  as  those 
that  were  first  developed,  and  which  would,  per- 
haps, not  have  been  developed  that  season  except 
for  this  accidental  defoliation.  Some  trees  will  bear 
to  be  stripped  eveil  more  than  once  in  a  season,  as 
is  the  case  with  the  Mulberry*tree  which  th^  cul- 
tivate in  the  south  of  France' and  Italy  for  the  pur- 
pose of  feeding  the  silk-worm.     But  if  it  is  stripped 

VOL.  n.  11 
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HHSft  ffian  orice  fti    tHe  's^soh  ]t'f%qbii^  'il(Hr 
^nd  ifiea'a  yeai^  fest« 


SUBSECTION  X. 

"p^iruclthndf  jffiir*.— TKte  fflBdortT&tiofa  af% 
tree,  or  the  stripping  it  of  its  bark,  may  be  ^ther 
intentional  or  accidental,  partial  or  total.  If  it  is 
partial  and  siffects  the  epidermis  only,  then  it  is  again 
regenerated,  as  in  the  case  of  slight  itu^tsion,  With- 
ottt  leaving  any  scar.  But  if  the  epidermis  of  the 
petal,  leaf,  or  fnrit,  is  destroyed,  it  is  -not  again  re^ 
generated,  nor  is  the  wbond  healed  up  ^eept  by 
means  of  a  scar.  Such  is  tite  c^se  also  widi  all 
decortications  that  penetrate  deeper  than  the  epKlei^ 
^mis,  particularly  if  the  wound  is  not  protected  from 
Ae  action  of  the  air.  And  if  the  decortrcadbn 
reaches  to  the  wood,  tlien  the  wornid  will  hot  heal 
op  in  the  foregcmig  manner  at  all.  This  I>u  Hamel 
proved  by  means  'of  experiment*  Hamg  stripped 
a  trunk  in  the  spring  of  a  portion 'of  its  bark -to  die 
extent  of  a  few  square  inches,  he  left  the  decorticated 
part  exposed  to  the  air.  In  the  course  of  a  few  <ky8 
after  there  appeared  issuing 'from  the  lip  pf  the 
wound,  as  if  from  between  the  wood  and  bark,  a  ring 
of  new  bark,  which  became  broader  and  more  aoKd 
during  the  summer,  leteeniog  tberarea  of  thet>rigi- 
nal  wound.  At  the  end  6f  the  sitmmer  it  was 
found  that  a  new  layer  of  iWtkri  Ufas  formed  under 
♦  Pbyi.  cJM  Ath.  Im  iv.  ehap.  in. 


thhi  htik  ;  mi  m  tke  feHbwing'year  a^  new  viag  o£ 
barl:  wa9  geiteraled  cofMsentne  ki*  the>  fonncr^  flcnd 
alsoa  nevr  layer  of  wood  beneath  it ;  and  so  oo  awe** 
cessiv^^  approachnig  lAie  centre  of  tWwMiid>  titt^ 
at  kst  the  wboTe  area  was  covered^  but  witbeut  amy 
actaal  union  of  the  old  and  new  wood.  Siicb  Uienr 
is  the  process  of  nature  in  healing  np  wonndli'  o£ 
this  kind  when  left  exposed  to  the  air. 

But  the  result  is  not  the  saoie  whei»  the  wound  19 
covered  from  the  air.     lu  the  season  of  tiit*flaw^, 
of  the  sap  Du  Hamel  detached  a  ring  of  bark,  e£ 
three  or  four  inches  in  bveadth,  hem  the  troaks  of 
aa^eral  young  Etas-trees,  taking*  cave  to  dtfimd  the 
decorticated  pert  from  the  action  of  the  ain^  b^' 
surroondtng  it  with  a  tube  of  ^laM.  ccsMntad  aboMi 
and  below  to  the  trunk*    After  a  fhr  daya  the  tubetf 
becamecleiidy  within,  pavtieolajdy  whea  it  washot ;. 
but  when  the  air  became  cool,  the  cloud  condensed^ 
and  fell  in  drops  to  the  bottom.     At  last  there  be- 
gan to  appear  as  if  eiuding«fW>m  between  the  bark 
and  wood  of  the  upper  part  of  the  wound,  a  sort  of 
rough  scurfy  substance ;  and  on  the  surface  of  the 
WQodj  as  if  exuding  bom  between  the  lon^tudinal 
fibres  of  the  a|hurnum„  a  number  of  gelatinpua 
dropB«  They  were  not  connected  with  the  scurfy  sub- 
stance at  the  top,  but  seemed  to.  arise  from  sm^U 
slips  of  tbe  liber  that  had  not  been  completely  dci 
tacbed.    Their  first  appearance  was  that  of  small 
reddish  spots  changing  by  degrees  into  white,  and 
finally  into  a  ^ort  of  gregr,  and  es^teqding  in  size  till 

21  a 
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they  at  last  united  and  formed  a  cicatrice^  which  was 
a  new  bark^  not  indeed  covering  the  whole  wound 
uniformly,  for  some  parts  of  it  still  repiained  un- 
cbveredy  and  not  altogether  like  the  other  bark. 

Hence,  says  Du  Hamel,  it  is  proved  that  the 
,  wood  can  produce  bark.  But  the  legitimacy  of  this 
conclusion  is^  I  think,  somewhat  questionable.  For 
in  the  first  place  the  liber  was  not  wholly  stripped  off 
and  in  the' second  place  the  cicatrice  was  not  com- 
plete; and  in  the  third  place  the  bark  was  not 
perfect 

If  '  the  decortication  is  total,  the  tree  dies.  Of 
sixty  trees  which  Du  Hamel  barked  in  the  spring, 
no  one  survived  the  experiments  above  three  or 
four  years,  though  many  of  them  generated  a  por- 
tion both  of  wood  and  bark,  originating  at  the  sum- 
mit, and  descending  sometimes  to  the  extent  of  a 

fi)0t.* 

SECTION  II. 
Diseases. 

Diseases  are  corrupt  affections  of  the  vegetable 
body,  arising^'from  a  vitiated  state  of  its  juices,  and 
tending  to  injure  the  habitual  health  either  of  the 
whole  or  part.  The  diseases  that  occur  the  most 
frequently  among  vegetables  are  the  following:-* 
Blight,  smut,  mildew,  honey-dew,  dropsy,  flux  of 

*  Phyt;  de«  Arb.  Hv.  v.  chap.  it. 
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juices,    gangrene, '  etiolatioii,  suilbcation,    contor* 
tion,  consumption. 


SUBSECTION   I. 

£light.'^M\K:h  has  been  written  on  the  nature  of 
blight ;  and  in  proportion  as  words  have  been  multi- 
plied on  the  subjecty  the  difficulties  attending  its 
elucidation  have  increased.    Hiis  disease  was  well 
known  to  the  ancient  Greeks,  who,  were  however 
totally  ignorant  of  its  cause,  regarding  it  merely'  as 
a  blast  from  heaven,  indicating  the  wrath  of  their 
oflended  deities,  and  utterly  incapable  of  prevention 
or  cure.  It  was  known  also  to  the  Romans  under  the 
denomination  of  rubigOy  who    regarded'  is  in  the 
same  light  as  the  Greeks,  and  even  believed  it  to  be 
under  the  direction  of  a  particular  detiy,  Rubigus, 
whom  they  solemnly  invoked  that  blight  might  be 
kept  from  com  and  trees.     It  is  still  well  known 
from  its  effects  to  every  one  having  the  least  know- 
ledge of  husbandry  or  gardening ;  but  it  has  been 
very  differently  accounted  for.     And,  perhaps,  there 
is  no  one  cause  that  will  account  for  all  the  difierent 
cases  of  blight,  or  disease  going  by  the  name  of 
blight;  though  they  have  been  supposed  to  have 
all  the  same  origin.     If  we  take  the  term  in  its 
most  general  acceptation  I  think  it  will  include  at 
least  three  distinct  species — ^blight  originating  inDivinble 
cold  and  frosty  winds,  blight  originating  in  a  sort  of  i 
sultry  and  pestilential  vapour,  and  blight  originat- 


fpeciei. 
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ifigin  ttheiuuiMdeiate  f9$fti§9tioaid  ^  MTt  of  Mdall 
and  parasitical  fungus. 
Knt  The  first  species  is  often  occasioned  by  the  cold 

and  easterly  winds  of  spring,  which  nip  and  destroy 
the  tender  shoots  of  the  plant,  i>y  stopping  the  cur- 
wnt  qi  i})id  jjoices*  The  leaves  wh>ch  |i,re  thus 
d^priwd  of  iH^  jdjue  jootunstwent  wither  iind  Dadi, 
wd^tbe  juipi^  tbait.arp.iK>w  stop^ied  in  tb$»ir  passage 
sjvdhand  bymt  ,the  (iiesseU;^  and  becs>xn€  the  food  q( 
wmuneraUle  little  iusepts  that  soon  after  malice  their 
lyppq^^uice.  Henqs  theyAT^  ofiben  ,mis.ta)cen  for  the 
^au#eof  the  diseafie  itself ^  the  ianner  supposing 
tbey  ,]|ce  .wafjted  to  hUn  qp  .the  east  wind,  while  thay 
aie  «only  ^nenited  3p  the  extravitsatjed  juices  as 
Coimipg.ft  proper  nidus  for  their  e^.  Their  muU 
typUcai^qp  .will  410  doubt  cootjrihutp  t^  the  .spi^adiqg 
9f  the  disqrde^^  .as  they  alvi(|ty9  hcecid  ^t  wjl^ere 
they  fiji^l  plenty  <^  food. 

JBu£  a  •simils^r  disease  is  often  occasioned  by  the 
learly  frost  of  qpriqg.  If  the  weather  is  jpi^m^iurely 
mild,  ,the  blossqm  is  ;pi:ematu.rely  ^rptcuded^  which 
.though  it  is  yieive^  by  the  upexperienj^d  with  de- 
ligbtj  yet  it  is  viewed  hy  the  judicious  with  fear. 
jFqr  it  very  oftqn  happens  that  this  pi^emature  blos- 
^Qip  is  totally  destroyed  by  subajequent  fro^tSj  as 
jifrell  as  both  the  jeayes  and  shoots^  which  conse- 
quently wither  apd  fell,  ,aR<J  injure  if  they  do  not 
actually  J^ilKthe  jplant  This  evil  is  also  often  ,aug. 
iffiented  hy  t^e  u^sfcilfvil  ^rdqner  even  ia  ;&tteippt- 
VIISXP  pwivept  it— that  is,  by  ^n\attii^  up  his  trees 
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tfff>,  clpsely,  ot.  by  l^e^piQ^.  them  cpyered  in  ij^f^ 
cojij;3?  pf  t^hft  da^/andl^U8  reiideripg  the  shoots  so 
li^njjier  that  tjljey.  c^,  ><^^.lj^  %il  to  be  destroyed  l|y. 
tl^fe  nei^t  frogt. 

.  The  second  soepies  generally  happenp  in  the^  sum-  Second 
iner  when  the  grain  has  attained  to  its  full  growth,  'P*^**^ 
and  when  there  are  no  cold  winds  or  frosts  to  oc- 
casipn  it  Such  was  the  blight  that  used  to  damage 
the,  yii^eyards  of  ancient  Italyj  and  which  is  yet 
£o|jnd|  to  dama£^e  our  Hop  plantations  and  Wheat 
crops,  '^e  Roman^^  had  observed  that  it  generally 
happened  after  sh9rt  but  l^eavy  showers  occurring, 
about  poon,  and  followed  bv  clear  sunshine,  about 
itie  season  of  the  ripping  of  the  Grapes,  and  that 
the.  middle  of  the  vineyard  suffered  the  most.  This 
corresponds  pretty  nearly  ^o  what  13  in  this  country 
called  the  fire-blast  among  Hops^  which  has  been 
pbserved  to  take  placp  most,  commonly  about  the 
end  of  July,  when  there  has  been  rain  with  a  hot 
gleam  of  sunshine  iipmediately  after  ;  the  middle  of 
the  Hop-ground  is  also  the  most  affected  whether 
the  blight  is  general  or  partial^  and  is  aln^ost  always 
the  point  in  which  it  originates.  In  a  particular  case 
that  was  minutely  observed,  the  aamage  happenedf 
^  little  before  noon,  and  the  blight  ran  m  a  line 
forming  a  right  angle  with  the  sunbeams  at  that 
time  of  the  day.  There  was  but  little  wind,  which 
wa^  however  in  the  line  of  the  blight* 

Wheat  is  also  affected  with  a  similar  sort  of  blight, 
*  Hale's  Body  of  Husbandry. 
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and  about  the  same   season  of   the  year,   which 
totally  destroys  the  crop.     In  the  summer  of  1 8O9, 
I  had  watched  the  progress  of  the  growth  of  a  field 
pf  wheat  on  rather  a  light  and  sandy  soil^  merely 
from  having  had  occasion  to  pass  through  it  every 
Sunday  in  going  to  serve  a  church.     It  came  up 
with  every  appearance  of  health,  and  also  into  ear, 
with  a  fair  prospect  of  ripening  welt     I  had  taken 
particular  notice  of  it  on  a  Sunday  about  the  be- 
ginning of  July,  as  exceeding  any  thing  I  should 
have  expected  on  such  a  soil.   But  on  the  following 
Sunday  I  was  surprised  to  find  a  portion  of  the 
crop,  on  the  east  side  of  the  field,  to  the  extent  of 
several  acres  totally  destroyed ;  being  shrunk  and 
shrivelled  up  to  less  than  one-half  the  size  of  what 
it  had  formerly  been,  with  an  appearance  so  wither- 
ed and  blasted  that  I  for  some  time  imagined  I  had 
got  into  the  wrong  field.      The  rest  of  the  field 
produced  a  fair  crop.' 
Third^  The  third  species  attack  the  leaves  or  stem  both 

of  herbaceous  and  woody  plants,  such  as  £u- 
phorbia  Cyparissias,  Berberis  vulgaris^  and  Rham- 
nus  catharticuSf  but  more  generally  Grasses ;  and 
particularly  our  most  useful  grains.  Wheat,  Barley, 
and' Oats.  It  generally  assumes  the  appearance  of 
a  rusty-looking  powder  that  soils  the  finger  when  , 
touched.  Op  the  25th  of  March,  I807,  I  ex- 
amined some  blades  of  Wheat  that  were  attacked 
with  this  species  of  blight ;  the  appearance  was  that 
ot  a  number  of  rusty-looking  spots  or  patches  dis* 


species. 
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persed  over  the  surface  of  the  leaf,  exactly  like  that 
'  of  the  seeds  of  Dorsiferous  Ferns  bursting  their  indu-^ 
Slum.  Upon  mor^  minute  inspection  these  patches 
were  found  to  consist  of  thousands  of  small  globules 
collected  into  groups  beneath  the  epidermis^  which 
they  raised  up  in  a  sort  of  blister  and  at  last  burst- 
Some  of  the  globules  seemed  as  if  imbedded  even 
in  the  l<»igitudinal  vessels  of  the  blade.  They  were 
of  a  yellowish  or  rusty  brown^  and  somewhat  trans- 
parent. But  these  groups  of  globules  have  been 
ascertained  by  Sir  J.  Banks  to  be  patches  of  a 
minute  Fuf^us,  the  seeds  of  whiob^  as  they  float  in 
the  air^  ^nter  the  pores  of  the  epidermis  of  the  leaf, 
particularly  if  the  p^nt  is  sickly  ;  or  they  exist  in 
the  manure  or  soil,  and  enter  by  the  pores  of  the 
root*  This  Fungus  has  been  figured  by  Mn 
Sowerby  and  by  Mr.  F.  Bauer  and  Grew.  It  is 
known  among  fanners  by  the  name  of  Red  Rtist^ 
and  as  it  aflbcts  the  stalk  and  leaves  only  it  does  not 
materially  injure  the  crop. 

But  there  is  another  species  of  Fungus,  known 
to  the  farmer  by  the  name  of  Red  Gum,  which  at- 
tacks the  ear  only,  and  is  extremely  prejudicial.  In 
the  aggregate  it  consists  of  groups  of  minute  globules 
interspersed  with  transparent  fibres.  The  globules  are 
filled  with  a  fine  powder  which  explodes  when  they 
are  put  into  water.  It  is  very  generally  accom- 
panied with  a  maggot  of  a  yellow  colour/tbat  preys 

*  Sir  J*  Banks  on  Blight,  1S05. 
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alsq  upofi  the  grain^  and.  increases  the.  ^niouat  pf 
iDJuiy.    It  has  been  well  figured  by  Mr.  B^%\{Si:« 
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i8mif.-c7Sinot  is  a  disease  incidental  to  cultivated 
€9Vli  by  which  Xh^Jnvma  of  the  gcaia,  txigetlier 
Vi4h  iH  piopei:  integuments  and  even  pgrk  oi  the 
bttii^,  ift  Qcmverted  lat^  a  black  soot-Ulfia  powder.  If 
^jl  injmRd  wr  is  strode  with  tho.  fioger^  the  powder 
vil)  be  diipessed  like  a  doud  of  hkck  smoke  \  and 
yi  ^  fffFtifm  of  t^  powder  is  wetted^  by  a  drop  of 
yn/^^'  wd  put  vnd^r  the  miorosoope^  it  will  be  finmd 
\Pi  ef;fli«sf  f}f  aiiUi^  of  minute  and  tcanqpaosnt 
§]^^%^  «fai^  Befisn  to  be  composed  of  a  clear  and 
g)|ry  $m^  ewoJVipiiised  by  a  tkijUi  and  akinny  mem* 

This  dite^i^  does  not  a%ct  the  wfaofe  body  of  the 
ffop^  \kf^t  \hfi  /fouitted  ears  are  sometimes  very  nu- 
merously dispersed  througl|out  it.  Some  have  at- 
tf ibift^^  it  P  ^be  soil  in  which  the  grain  is  sown^ 
an;!  otbf^  have  attributed  it  to  the  seed  itself, 
fJl^Pg  tbfit  flimutted  seed  will  produce  a  smutted 
prqp.  Put  in  all  thi$  th^re  seems  to  be  a  great  deal 
gf  ^Offbt  Willdenow  regards  it  as  originating  in  a 
W?1I  Fungus,  w^ch  multijrfies  ^nd  extends  till  it 
flccpfWs  th§  wbol^  eBr.P  But  Mr.  F.  Bau^r,  of 
^«V|  MAiqs  to  have  ascertained  it  to  be  merdy  a 

♦  Pnncip.  of  Bot.  p«  356t 
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mofhi^  swelling  of  the  mt^  w4  9ot  at  aU  oomw^ 
iviljii  the  grpwth  of  a  Fffi^Kf •* 

It  k  paU)  to  be  e^tnally  pr^eRta4  l)y  P^q»9K 
tji^  grm  b^pre  mowing  ia  a  ?re?k  fplptiop  of  arsaniq, 

But  besides  the  disease  called  ^m^t  %\k^n  ^  nhwi 
a  disease  analogous  to  it^  or  a  different  stage  of  the 
same  disease^  known  to  the  farmer  by  the  name  of 
Bags  or  Smut-balls,  in  which  the  nucleus  of  the  seed 
only  is  converted  into  a  b)ack  pQirder,  whilst  the 
ovfLty,  as  well  as  the  husk^  rpmains  spuqd.  The  ear 
is  not  m^ch  altered  in  its  external  appeanince^  and 
thp  disease^  grain  CQntain^d  ip  i(  will  evep  bear  the 
operation  of  tbreshjne,  and  consequentlv  mingle 
wit;j^  tbe  bulk.  Put  it  is  always  peadily  detected  by 
th^  experienced  buyer,  ynd  fatfil  to  thp  character  of 
the  sample.    It  is  prevente4  as  ii^  the  case  qf  smut 

,au?sficnp|i  m, 

Mildetp.^-Mildew  is  a  thii)  ^nd  whitish  coating 
with  which  the  leaves  of  v^getfblen  are  sometimes 
covered,  occasioning  t^^ir  deqiy  and  death,  and  in- 
juring the  health  gf  the  plant  It  is  fre<|uently 
fbpnd  on  tl^e  leaves  of  Tussifago  Farfara,  Hum^lu^ 
Zupulus^  Corylus  Avellana^  and  the  white  aifd  yel-^ 
low  Dfiod-nettk.  It  is  found  also  on  Wheat  in  the 
shape  of  a  glutinous  exudation,  particularly  when 
the  days  are  hot  and  the  nights  without  dew. 

Willdenow  says  i^  j|s  oocafipped  by  the  grpirrlh  (^ 
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a  Fungus  of  great  minuteness,  the  Mucar  Erisyphe 
of  Linnsus ;  or  by  a  sort  of  whitish  slime  which 
some  species  of  aphides  deposit  upon  the  leaves.* 
In  cultivated  crops  it  is  said  to  be  prevented  by 
manuring  with  soot* 


SUBSECTION  IV. 

Honey-dew. — Honey-dew  is  a  sweet  and  clammy 
substance  which  coagulates  on  the  sur&ce  of  the 
leaves  during  hot  weather,  particularly  on  the  leaves 
of  the  Oak-tree  and  Beech^'and  is  r^rded  by  Mr. 
Curtis^  who  wrote  a  paper  on  the  subject,  as  being 
merely  the  dung  of  some  species  of  aphides.^  This 
seems  to  be  the  opinion  of  Willdenow  d\so,  ^  and  it 
is  no  doubt  possible  that  it  may  be  the  case  in 
some  instances  or  species  of  the  disease.  Bat  Sir 
J.  £.  Smith  ^contends  that  it  is  not  alvrays-  so,  or 
that  there  are  more  species  of  honey-dew  than  one, 
regarding  it  particularly  as  being  an  exudation,  at 
least  in  the  case  of  the  Beech,  whose  leaves  are,  in 
consequence  of  an  unfavourable  wind,  apt  to  become 
covered  with  a  sweet  sort  of  glutinous  coating, 
similar  in  flavour  to  the  fluid  obtained  from  the 
trunk.^ , 

It  is  pertain,  however,  that  saccharine  exudations 
are  found  on  the  leaves  oi  qiany  plants,  though  not 

♦  Prfncip.  of  Hot.  p,  343.  f  Lin.  Trans,  vol.  vi. 

%  Pnncip.  of  Bot.  p.  343.  f  Introd.  p.  ISp. 
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always  distinguished  by  the  name  of  honey-dew  i 
which  should  not  perhaps  be  applied  except  whea 
the  exudation  occasions  disease.  But  if  it  is  to  bei 
applied  to  all  saccharine  exudations  whatever^  then 
we  must  include  under  the  appellation  of  honey- 
dew  the  saccharine  exudation  observed  on  the 
Orange-tree  by  M.  De  la  Hire^^  together  with  that  . 
of  the  Lime-tree  which  is  more  glutinous,  and  of 
the  Poplar  which  is  more  resinous ;  as  also  that  of 
the  Cistus  cretictis,  from  which  the  resin  called 
Labdanum  is  collected,  by  means  of  beating  the 
shrub  *  with  leathern  thongs,  and  of  the  manna 
which  exudes  from  the  Ash-tree  Of  Italy  and  Larch 
of  France.  It  is  also  possible  that  the  exudation 
of  excrement  constituting  honey-dew  may  occa- 
sionally occur  without  producing  disease ;  for  if  it 
should  happen  to  be  washed  off  soon  after  by  rains 
or  heavy  dews,  then  the  leaves  will  not  suffer. 


SUBSECTION   V. 

Drop^.— -Plants   are    also    liable   to  a  disease  OccMkm- 
which  iffects^them  in  a  manner  similar  to  that  ofmuc^ 
the  dropsy  in  animals,  arising  from  long  continued  "*^^*^'*"- 
rain  or  too   abundant  watering.      Willdenow  de- 
scribes it  as  occasioning  a  preternatural  swelling  of 
particular  parts,  and  inducing  putrefaction.     It  is 
said  to  take  place  chiefly  in  bulbous  anid  tuberous 

*  Pbys.  des  Arb.  torn.  i.  p.  150. 
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foM»i  irtrieh  tte  often  found  much  swelled  aftnr 
tiiti.  It  tflfeets  fraitt  iilso  which  it  renders  watery  and 
iMipid.  It  prevents  the  ripening  of  seeds,  and  oc- 
ensions  an  immoderate  production  of  roots  fraor 
the  stem.  S^lccnlent  plants  in  particular  am  apt 
to  sttSer  from  too  profuse  waterings,  and  the 
Inconble.  disease  thns  occasioned  is  generally  incurable.^ 
The  leaves  drop,  even  though  plump  and  green ;  and 
One  fruit  rots  before  reaching  maturity.  In  ihh 
eaae  the  absorption  seems  to  be  too  great  in  propor- 
tion to  the  transpiration;  but  the  soil  when  too 
much  manured  produces  similar  eflfects.  Du  Hamel 
planted  some  Elms  in  a  soil  that  was  particularly 
well  manured,  and  accordingly  they  pushed  with 
great  vigour  for  some  time ;  but  at  the  end  of  five 
or  six  years  they  all  died  suddenly.  The  bark  was 
fyiBtad  to  be  detadied  from  the  wood,  and  the  cavity 
filled  op  wkh  a  reddish-coloured  irater. 


SUBSSCTION    VI. 

Notai-  Flux  of  Juiots^—Some  trees,  but  particularly 
j^asT  *^^  ^^  and  Birch^  are  liable  to  a  great  loss  of  sap, 
either  bursting  out  spontaneously,  owing  to  a  super* 
abundance-of  sap,  or  issuing  from  accidental  wounds. 
jSometimes  it  is  injurious  to  the  health  of  the  plant^ 
and  sometimes  not.  There  is  a  spontaneous  ex- 
travasation of  the  sap  of  the  Vine,  known  by  the 
name  of  the  Tears  of  the  Vine,  which  is  not  injuri- 
♦  Princip.  of  Bot.  p.  £4*. 


bo^.  Ai»  Ht  bfteh  %«}ij^^  ttiat  «hte  m>i  itotA«ft  top, 
^irlHcfh  the  lettVrt  aft  *<<t  jrtft  ij^repM^  \o  tbrow  6ff 
fcfdeirute  ti6t  yet  fculfibiUntly  cScpanaed,  ot^g  tb  Mk 
ittclem^t  'scWon,  flie  Mj[i  >v^i^h  f^  ttrst '<^itfeid  % 
Tieitig  propdled  1)^  l!haft  VIridh  iWBows,  ukitf  ««1^ 
forces  its  li^y  through  all  obsCrut^ibM^  Mid  ^IMltt 
Tfom  the  tmd.  But  this  te  e/bsei'ved  oiifljr  in  t«dlA 
cltniiltes ;  for  in  hot  climates,  yAiett  the  Acfii&p^ 
isketit  of  the  feaves  is  not  oWtrocted  by  ttAA,  ^btf 
•are  ready  to  elaborate  the  stfp  as  soon  as  it  remAM 
them.  There  is  also  a  spontaneous  ^xtnrrtrsationtlF 
proper  juice  in  sotne  tfee^^  iMfaich  do^  not  sei^m  in 
general  to  be  injurious  'to  the  ItidilridMl.  ThM 
the  gum  which  exudes  from  'Chery^  Pluftb,  PmAi, 
and  Almond  trees,  is  seldom  detrimental  to  their 
health,  except  when  it  insinuates  itself  into  tibe 
other  vessels  of  the  plant  and  occasions  obstructions. 

But  when  the  sap  ascenAs  more  copiously  thah  it  lAvteft 
call  be  carried  off,  it  sometimes  occasions  a  iSttsuve^jiidietL 
the  solid  parts,  inducing  disease  or  di^formity^y  ei^ 
coumging  the  extravassttion  and  covfdption  ^f  the 
ascending  or  descending  juices.  Sometimes  Iht 
fisssure  is  occasioned  by  means  of  frost,  forming 
what  is  called  a  double  dtbumum  ;  that  i»,  ^rsfe 
layer  tbit  has  been  injut*ed  by  the  firo^,  tuid  then  n 
laydr  th&t  passes  into  ^^^ood.  Sometimes  a  layer  ispaiw 
tially  'itffedted,  ftnd  that  is  generdly  owing  ^  m 
sodden  and  paHial  thaw  on  the  south  idde'of  tfl^ 
tmuk,  which  may  be  followed  again  by  a'saddm 
frost.    In  this  case  the  alburnum  is  split  into  clefts. 


\ 
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or  chinks,  by  means  of  the  expansion  of  the  frpgcn     \ 
wp.    But  a  clefk  thus  occasioned  often  degeneratei      1 
into  a  chilblain  that  discharges  a  blackish  and  acrid 
fluid  to  the  great  detriment  of   the  plant,   par- 
iicularly  if  the  sore  is  so  situated  that  rain  or  snow      ^ 
will  readily  lodge  in  it,  and  become  putrid.     The 
same  injury   may  be  occasioned  by  the  bite  or      f 
puncture  of  insects  while  the  shoot  is  yet  tender; 
and  as  no  vegetable  ulcer  heals  up  of  its  own  ac-      f 
cord,  the  sooner  a  remedy  is  applied  to  it  the  better,     1 
as  it  will,  if  left- to  itself,  ultimately  corrode  and 
destroy  the  whole  plant,  bark,  wood,  and  pith.  The      \ 
only  remedy  is  the  expision  of  the  part  afiected,  and      \ 
the  application  of  a  coat  of  grafting  wax.*  / 

f  I 

SUBSECTION   VII.  l 

T^piXk^      Gangrene. — Of  this  disorder  there  are  two  varie- 
ties, the  dry  and  the  wet.   The  former  is  occasioned 
by  means  of  excessive  heat  or  excessive  cold.  If.by 
means  of  cold,  it  attacks  the  leaves  or  young  shoots,     i 
and  causes  them  to  shrink  up,  converting  them  from 
green  to  black;  as  also  the  inner  bark,  which   it     ' 
blackens  in  the  same  manner,  so  that  it  is  impos- 
sible to  save  the  piMit  except  by  cutting  it  to  the     J 
ground.    If  by  means  of  heat,  the  effects  are  nearly    | 
similar,  as  may  oftentimes  be  seen  in  gardens,  oc 
even  in  forests,  where  the  foresters  are  allowed  to  clear 
away  the  Moss  and  withered  leaver  from  the  roota.^ 
♦  Willdeaow,  p.  354.  t  Ibid.  p.  355. 


Somettm^  the  diaeaae  is  oceasioned  by  the  too 
(  mpid  fpx)wthx>f  a  particaliur  bmicb,  dbpmiiig  the 
one  tdiat  is  next  itof  ks  due  nounafament,  end 
Jbienoe  iaducing  its  decay.  Somrtiiiiet  k  is  430car 
uonad  hy  means  of  parasitiqal  plants,  as  in  the  ease 
of  the  bulbs  of  the  Saffron,  wfaidh.  a  fspeeies  of 
Lyeeperdon  often  attadies  itself  to  and  totally  oor- 
xnpts.  The  harmattan  winds  of  the  coast  of  Africa 
kill  many  plants,  by  means  of  inducing  a  soct  of 
gangrene  that  withers  and  blackens  the  leaves,  and 
finally  destroys  the  whole  plant.  The  Nopal  of 
Mexico  is  also  subject  to  a  sort  of  gangrene  that 
Jbegios  with  a  black  spot,  apd  extends  till  the  whole 
leaf  or  i^tfii^ch  rots  off  or  the  plant  dies. 

But  plants  are  soinetimes  afiected  with  a  gan- Wetgu^ 
grene  by  which  apart  becomes  first  soft  and  moist, ^^ 
and  then  dissolves  into  foul  ichor.  This  is  confined 
^  chiefly  to  the  leaves,  flowers,  and  fruit.  Sotnetimes 
it  attacks  the  rqots  also,  but  rarely  the  stem.  It 
seems  to  be  oi^ng  in  many  cases  to  too  wet  or  too 
rich  a  soil ;  but  it  may  orijpnate  in  contusion^  and 
may  be  caught  by  infection. 

But  the  Nopal  is  sulgect  also  to  a  disease  called  Oisaolux 
by  Thiery  la  dissolution,  and  considered  by  Sir  J.  £.  t\^. 
Smith  as  distinct  from  gangrene.  I  cannot  however 
perceive  the  diflEbrence ;  I  think  it  is  WiUdenow> 
dry  gangrene.  A  joint  of  the  Nopftl,  pr  a  whole 
branchy  and  sometimes  an  entire  plant,  cfaai)g!pji  ip, 
the  space  of  a  single  hour  from  a  state  of  appar^ 
heallh  to  a  state  of  putre&ction  qir  dissolution. 
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Now  ite  surfiice  is  verdant  and  shining,  and  in  an 
itstant  it  changes  to  a  yellow,  and  its  brillancy  is 
gone.  If  the  substance  is  cat  into,  the  parts  are 
found  to  have  lost  all  cohesion,  and  are  quite  rotten; 
the  only  remedy  is  speedy  amputation  bdow  the 
diseased  part.  '  Sometimes  the  vital  principle  col- 
lecting and  exerting  all  its  energies, « makes  a  stand 
as  it  were  against  the  encroaching  disease^  and 
throws  off  the  infected  part.* 


SUBSECTION  VIII. 

Occasion-  Etiolatton.^^VlBXkU  are  sometimes  aflfected  by  a 
•f  ?wht"*  disease  which  entirely  destroys  their  verdure^  and 
renders  them  pale  and  sickly.  This  is  called  etiola- 
tion, and  may  arise  merely  from  Want  of  the  agency 
of  light,  by  which  the  extrication  of  oxyg^ne  is  ef» 
lUftonale.  fected,  and  the  leaf  rendered  green.  And  hence  it  is 
that  plants  placed  in  dark  rooms,  or  between  great 
masses  of  stone,  or  in  the  clefts  of  rocks,  or  under 
the  shade  of  other  trees,  look  always  peculiarly 
pale.  But  if  they  are  removed  from  such  situations 
and  exposed  to  the  action  of  lights  they  will  again 
recover  their  green  colour. 

Etiolation  may  also  ensue  from  the  depredation 
of  insects,  nestling  in  the  radicle,  and  consuming 
the  food  of  the  plant,  and  thus  debilitating  the 
vessels  of  the  leaf  so  as  to  render  them  insuscepti* 
ble  to  the  action  of  light.  This  is  said  to  be  often 
*  Smith's  IntroUuctioQ,  p.  340. 
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the  case  with  the  radicles  of  Secak  tefeak^  and  the 
same  result  may  also  arise  from  poverty  of  soil. 


subsEcnoN  va^ 

Suffocation. — Sometimes  it  happens  that  the 
pores  of  the  epidermis  are  closed  up  and  transpira- 
tion consequently  obstructed,  by  means  of  some  ex^ 
traneous  substance  that  attaches  itself  to  and  covers 
the  bark.  This  obstruction  induces  disease,  and 
the  disease  is  called  suffocation.  Sometimes  it  is 
occasioned  by  the  immoderate  growth  of  Lichens 
upon  the  bark  covering  the  whole  of  the  plant,  asv 
may  be  often  seen  in  fruit  trees,  which  it  is  ne- 
cessary  to  keep  clean  by  means  of  scraping  off  the 
Lichens,  at  least  from  the  smaller  branches.  For  if 
the  young  branches  are  thus  coated,  so  as  that  the 
bark  can  not  perform  its  proper  functions,  the  tree 
will  soon  begin  to  languish,  and  will  finally  become 
covered  with  Fungi  inducing  or  resulting  from 
decay,  till  it  is  at  last  wholly  choaked  up. 

But  a  similar  efiect  is  also  occasionally  produced 
by  insect's,  in  feeding  upon  the  sap  or  shoot.  This 
may  be  exemplified  in  the  case  of  the  aphides 
which  sometimes  breed  or  settle  upon  the  tender 
shoot  in  such  multitudes  as  to  cover  it  from  the 
action  of  the  external  air  altogether.  It  may  be  ex- 
emplified also  in  the  case  of  Coccus  Hesperidum  and 
Acarus  tellarius,  insects  that  infest  hot-house  plants, 
the  latter  by  spinning  a  fine  and  delicate  web  over 
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iheinf,  sad  tkos  pnevwtifle  «he  Mcoii^f 
pheric  ain^ 
Eanples.  Sometimes  the  disease  is  occasioned  by  an  extia^ 
vasation  of  juices  which  coagulate  on  the  suiiaoe  of 
the  stalk  so  as  to  form  a  sort  of  crust,  investing  it  as 
a  sheath^  and  preventbg  its  £irther  ca^pansion.  On 
the  7th  of  July,  ]  81 6,Iobserved  some  stalksofji  Grass 
jMurtly  enveloped  with  a  crust,  not  unlike  a  jnece  of 
dried  orange-peel,  particularly  when  viewed  throu^ 
the  microscope ;  the  part  thus  enveloped  proved  to 
be  that  in  which  the  spike  was  yeteontaioed  wktbmiti 
aheathing  leaves.  The  crust  which  thus  totally  lockei} 
up  and  suflfbcated  the  spike  extended  from  9boat  ij- 
to  two  inches  in  length*  sarmonnted  by  the  terminat- 
ing leaf  whose  base  it  also  iofvestedj  and  tfao* 
fiviqg  to  the  Gira^  the  a^pyeannoe  of  a  Tj/jpha  in 
miniature. 

On  examining  the  crust  more  minutely  it  seemed 
to  consist  of  thousands  of  yellowish  globules  imbed* 
ded  in  a  sort  of  ground  resembling  mortar.  Bat  in 
some  species  the  crust  was  much  paler,  and  not 
junlike  the  Boletus  MeduUflpams  in  a  recent  state.  It 
not  only  invested  the  outer  leaf^  hut  also  the  inner 
leaf  though  sheathed  by  the  outer,  and  the  spike 
though  sheathed  by  the  inner  leaf.  Tb/^  ear  was  so 
totally  consumed  or  so  imperfectly  formed  that 
I  could  not  yet  ascertain  what  Grass  it  was.  But 
it  had  the  habit  cf   Hokuf  kmaiui,  wbieh^  by 

•  Willdeoow,  p.  3M, 
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tedkig  ki  MM  gpeaiBieQ  apartof  therMr  unityiurodf 
I  afterwards  afcertadned  it  to  be» 

If  this  crust  is  not  originally  occasioned  by  the 
pancture  of  insects,  it  is  at  least  selected  as  afford- 
ing a  fit  nidus  for  dqposttiiig  tlieiv  eggs.  For  in  look- 
ing at  some  specimens  about  a  week  after,  I  found 
several  m  wlitch  the  suriiice  of  the  cnwC  was  dis« 
Sgated  with  a  sort  of  protuberant  Mister,  which 
when  opened  up  was  found  to  contain  a  maggrti. 
And  evien  in  unsheathing  an  ear  which  waa  thus 
locked  up  and  apparently  inaccessible  to  iMeets,  I 
yet  found  a  small  Mack  ffy  rummaging  about  in  it. 

Sometimes  the  disease  is  oocasioiicd  ftom  want 
of  an  adequate  supply  of  nourishment  as  derived 
from  the  soil,  in  wfvich  the  lower  part  of  the  plant 
is  the  best  suppKed,  while  the  upper  part  of  it  is 
starved.  Hence  the  top  shoots  decrease  in  siae 
every  suoctteding-  year,  because  a  sufficient  suf^ly 
of  sap  cannot  be  obtained  to  give  them  their  pro- 
per ^ebpiement  This  is  analogous  to  the  phenow 
mena  of  animd  Kfe  when  the  action  of  the  heart 
is  too  feeble  to  propel  the  blood  through  the  whole 
of  the  system.  For  then  the  extremities  are  always 
the  first  to  snfier.  And  perhaps  it  may  account 
also  for  the  ftcC,.  that  in  bad  soils  and  unfavourable 
seasons,  when  the  ear  of  Parley  is  not  wholly  per. 
fectedy  yet  a  few  of  the  lower  grains  are  always 
pompleteiy  developed  ;*  which  not  only  ^om  the 

«  SmA'i  IniioAiCtkMi,  p.  344, 


50a  CASUALTIES  or  VKGETABLES,  CHAP,- XII, 

great  care  of  Providence  for  the  preservation  of  the 
species^  bat  points  out  also  the  efficient  cause. 


SUBSECTION  X. 

Caused  Contortion* — ^The  leaves  of  plants  are  often  in- 

puncture  jurcd  by  means  of  the  puncture  of  insects,  so  as  to 
of  miccts,  jujy^  a  sort  of  disease  that  discovers  itself  in  the 
contcM'tion  or  convolution  of  the  marginj  or  wrinkled 
appearance  of  the  surface. 
As  occur-      The  leaves  of  the  Apricot,  Peach,  and  Nectarine, 
h^yn  of  ^  ^^  extremely  liable  to  be  thus  affected  in  the  months 
Ind  K  <>f  J«ne  *»d  J^'y*    The  leaf  that  has  been  punc- 
urin^      tured    soon    begins    to    assume    a    rough     and 
wrinkled  figure,  and  a  reddish  and  scrophuloiis  ap- 
pearance, particularly  on  the  upper  surface.     The 
margins   roll  inwards  on  the  under  si^e,  and  en- 
close the  eggs  which  are  scattered  irregularly  oi^tlie 
surfece,  giving  it  a    blackish    and    granular    ap- 
pearance,   but    withoiit    m«teris(lly    injuring    its 
health. 
Of  the         In  the  Vine  the  substance  deposited  an  th^  leaf  is 
^*"*'       whitish,  giving  the  under  surface  a  sort  of  a  frosted 
appearance,  but  not  occasioning  the  red  and  scro- 
phulous  aspect  of  the  upper  sur&ce  of  the  leaf  of 
the  Nectarine. 
Poplar,         In  the  Poplar  the  eggs  when  first  deposited  re- 
semble a  number  of  small  and  hoary  vescides  con- 
taining a  sort  of  clear  and  co|our|ess  flqid,    The 
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leaf  then  become$  reflected  and  condupUcatey  en- 
closing the  e^8  with  a  few  reddish  protuberances 
<Mi.  the  upper  surface.  The  embryo  is  nourished  by 
this  fluid ;  and  the  hoariheas  is  converted  into  a  fine 
cottony  down,  which  for  some  time  envelopes  the 
young  fly. 

The  leaf  of  the  Lime-tree  in  particular  is  liable  And 
to  attacks  from  inseets  when  fully  expanded ;  and 
hence  the  gnawed  appearance  it  so  often  exhibits. 
The  injury  seems  to  be  occasioned  by  some  species 
of  puceron  d^)ositing  its  eggs  in  the  parenchyma^ 
generally  about  the  angles  that  branch  off*  from  the 
midrib*    A  sort  of  down  is  produced^  at  first  green, 
and  afterwards  hoary;  sometimes  in  patches,  and* 
sometimes  pervading  the  whole  leaf,  as  in  the  case. 
6[   the  Vine.      Under  this  covering  the  ^g  is 
hatched ;  and  then  the  young  insect  gnaws  and  in- 
jures the  leaf,  leaving  a  hole,  or  scar  of  a  burnt  or 
singed  appearance* 

Sometimes  the  upper  sur&ce  of  the  leaf  is  covered 
with  clusters  of  wart-*like  substances  somewhat 
subulate  and  acute.  They  seem  to  be  occasioniKl: 
by  means  of  a  puncture  made  on  the  undfer  sur- 
face, on  which  a  number  of  openings  are  discover* 
able,  penetrating  into  the  warts  which  arc  hollow  s|n4 
villous  within, 

SUBSECnOK  XI. 

Comumjft/iOfi.— From    barren  or  improper  soil,  Causey  ^f. 
unfavoiirable  climate,  careless  planting,  or  too  fre- 
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quent  flow^riag  e:iauiiBtiBg  itit  ftietigth   of   fb^ 
plant,  it  often  happens  tbat  disease  i§  ifidiieed  which 
'  terminatet  in  a  gradaal  deelme  and  Wttting  away  of 
the  pknt  till  at  length  it  is  whdly  dn^  np.   Sotte^ 
times  it  is  alsoooeasioned  by  excessive  dfought^  or  by 
dust  lodging  on  the   leaves,  or  by  fiunes  isiot^ 
from  manuftctories  whieb  may  happen  to  bo  si- 
tnated  in  the  neighbourhood  i  or  by  the  attacks  of 
insects. 
There  is  a  consumptive  aflfi^on  that  ftsqiieirtly 
TcNdo     attacks    the   Pine-tree   called   Vereth  Pmnm,^ 
^^*'''^'  which  aifecta  the  albumom  and  inner  bark  ibieBy, 
and  seems  to  proceed  from  Icmg  contifroed  droi^;h«^ 
or  from  frost  soddenly  sneoeeding  miM  or  vrarn^ 
weather  or  heavy  winds.    The  leaves  assume  a  tuige 
of  yellow  bordering  opon  red.    A  great  nombe#  6t 
small  drops  of  resin  eiiode  frotih  the  middle  of  tho 
bougbsofa|nitridoA>ur«   The  hirk  eriblitftes,  ind 
the  albnmum  presents  a  livid  appeafaneei^  The  tree 
swarms  with  insecis^  and  Ae  disease  it  lnMM4e, 
iaidtaemg  inevitably  the  Mai  decay  and  de«tb  of 
the  individuaL 

•  ¥rilld€D0W»  Priac.  Bot.  p.  351. 


SECTION  UU 

Natural  Decay. 

Itl  Ae  prtcedtog  section  I  hare  stated  the  (ihief  imlQctiit 
df  the  disOMes  to  whkh  plants  are  liable,  whether 
from  external  injuries,  or  froa>  internal  dening6» 
meiit.  Btit  altboogb  a  plant  should  not  sattet  from 
the  infiwdoe  of  accidental  injary,  or  frMn  disease^ 
itiU  there  will  come  a  tiftne  when  its  teteMl  <yrgatts 
will  begin  to  ex|ieriente  the  approaches  of  a  na- 
tural deeKne  insensibly  stealing  opon  k^  and  at  last 
ladocing  deaths  I'or  in  the  vegetable  zi  welt  as 
in  the  animal  kingdom  there  is  a  term  or  lifliit  set, 
beyond  whlob  the  indiVidnal  eatmdt  pifii^  though 
the  duration  of  regel^le  existence  Is  tery  different 
in  dif^rent  specie** 

Some  plants  are  annuals  and  last  for  one  season  WbctlMr 
0n\y,  springing  tip  suddenly  from  seed^  attaining  L^anno^ 
rapidly  to  inaturlty^  prodocing  and  again  sewing  S^J^jJ^ 
their  seeds,  and  afterwards  immediately  perishing,  p^ 
Such  is  the  efaariicter  of  the  various  species  of 
Cofn,  as  exemplified  in  Oats,  Wheat,  and  Barley. 
Smne  plants  continue  to  live  for  a  period  of  two 
years^  and  are  therefore  called  biennials,  springing 
up  the  first  year  from  seed,  and  producing  root  and 
leaves,  but  no  fruit;  and  in  the  second  year  pro* 
ducing  both  flower  and  fruit,  as  exemplified  in  the 
Carrot,  Pilrsnip^  ifid  CdMWay;    Other  plants  are 
perennials,   that  h,  lutitlg  foir  itiiny  yeiirs;  of 
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which  some  are  called  under-shrubs,  and  die  down 
to  the  root  every  year;  others  are  called  shrubs, 
and  are  permanent  both  by  the  root  and  stem^  but 
do  not  attain  to  a  great  height  or  great  age ;  others 
are  called  treesj  and  ^re  not  only  permanent  by 
both  root  and  stem,  but  attain  to  g  great  size  and 
live  to  a'  great  age.  The  Oak-tree  in  particular  is 
remarkable  both  for  its  longevity  and  size,  being 
at  least  100  years  before  it  attains  to  its  utmost  per* 
fection,  continuing  vigorous  for  pertiaps.  100  yoars 
more;  and  then  beginning  tQ  deoay.  The  ims 
mense  Oak  at  Colethorpe,  near  Wetherby,  is  said 
to  have  cixhibited  symptoms  of  decay  even  in  the 
reign  of  Queen  Elizabeth, 

But  even  of  plants  that  are  woody  and  perennialj, 
there  are  parts  which  perish  annually,  pr  which  are, 
at  least  annually  separated  from  the  individual;, 
namely,  the  leaves,  flowers,  and  fruit,  leaving  no- 
thing behind  but  the  bare  caudex  which  submits 
in  its  turn  to  the  ravages  of  time,  and  ultimately 
to  deatht  Hence  the  ground  of  a  division  of  the 
subject  exhibiting,  first,  the  phenomena  of  the 
decay  of  the  temporary  organs,  and  secondly,  the 
phenomena  of  the  decay  of  the  perman^it  9rgan»j 
9nd  consequent  death  of  the  plant, 

SUBSECnOK  I, 

Decay  of  the  temporary  Qrgam.-^The  decay 
of  the  temporary  organs  which  talccs  place  annually 
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is  a  phenomenon  familiar  to  every  body^  and  com- 
prehends the  fell  of  the  leaf,  the  fall  of  the  flower, 
and  the  fall  of  the  fruit 

Article  1.  The  Fall  of  the  Zeo/l— The  fall  pf 
the  leaf,  or  annual  defoliation  of  the  plant,  com- 
mences for  the  most  part  with  the  colds  of  autumn> 
and  is  accelerated  by  the  frosts  of  winter,  that  strip 
the  forest  of  its  foliage,  and  the  landscape  of  its 
verdure.  But  there  are  some  trees  that  retain  their 
leaves  throughout  the  whole  of  the  winter,  though 
changed  to  a  dull  and  dusky  brown,  as  those  of  the 
3eech-tree ;  and  there  are  others  that  retain  them 
even  in  verdure  till  the  succeeding  spring,  when 
they  ultimately  fall.  Such  plants  are  denominated 
£vergreens. 

It  was  at  one  time  indeed  a  vulgar  error,  and 
perhaps  it  continues  to  be  so  still,  that  Eveipreens^ 
never  shed  their  leaves  at  all.  This  error  may  be 
traced  back  even  to  the  period  of  the  fabulous  his- 
tory of  the  Greeks,  with  whose  mythology  it  was 
closely  interwoven,  at  least  in  one  particular  ex^ 
ample  as  related  by  Theophrastus;  who  says  that  in 
the  country  of  Cortynia,  in  Crete^  it  was  reported 
there  was  a  Plane-tree  growing  by  a  fountain  which 
never  shed  its  leaves,  being  the  tree  under  the 
ahade  of  which  Jupiter  was  said  to  have  had  his 
interview  with  Europa.* 

E^^fnrp  0  Zev^.     Htf*  fcrrwr.  to.  A« 
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iherfiket  df  tft^  fiUFof  the  \wtei  of  Evei^teem^  as 
every  accurate  observer  of  natisre  mittt  fce,  tiboogh 
tBey  do  ddC  actoally  fitll  till  the  yocmg  leaves  have 
heffin  td  appear,  so  that  trees  of  this  sort  are  never 
left  wholly  W ilhoiit  leavei,  which  it  was  hence  sap. 
f(MA  th^  tiever  shed.  In  warm  cfimates  it  is  said 
fhat  nmiiy  plants  retain  tiieir  leaves  for  several 
years ;  btre  m  temperate  and  pohr  cKmates  there 
ftre  no  snch  pknts  to  be  found. 

Sueh  is  the  fact  of  the  annnat  faH  of  the  kaves. 
Whflt  is  the  csuse  of  their  fall?  The  sohition  of 
this  question  seems  to  have  totalty  baffled  the  at- 
tempts of  ph}itologfsts^  and  to  have  been  a  pittzle 
that  no  one  could  make  out.   Du  Hamel^  one  of  Ae 
most  sagacious  and  industrious  of  alf  phytologists, 
laboured  hard  to  explicate  the  phenomenon^  but 
without  success.    He  observed  that  feaves  which 
&11  the  soonest  transpire  the  most,  and  are  conse* 
qnendy  the  soonest  exhausted  and  rendered  unfit 
for  the  discharge  of  their  functions ;  so  that  the 
period  of  the  fall  of  the  [eaves  of  diflbrent  species 
in  probably  in  pnoportion  to  their  capacity  fbr  ttans. 
piration.    Their  ^ll  is  accelerated  by  frost,  dr  by 
excessive  heat,  followed  by  rain.    It  is  alto  aoee** 
ferated,  if  not  actually  induced,  by  the  stroetiim  of 
the  pedicle  which  is  very  diflferetit  from  that  of  the 
bnoeb,  having  noproloDgadon  of  pith,  and  noClmig 
Analogous  in  its  mode  of  insertion,  nor  in  fis  eoi- 
temal  figure,  which  is  divisible  into  an  upper  aa4 
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sunder  suHaoe  rea^oabling  tbs  figap^  of  «h0  leiK^ 
He'COWfar^  the  nnioa  pf  tbs  |mf  luid  stem  4p  tlMit 
^  itbe  jpinU  ^f  ^  Vki^twigy  ^tph  fit  a^BMUw^ 
.pesiad  ^  iU  grovKih  aije  slirmger  ;tbap  the  wl«»- 
««<Vf^  but  wbioh  rqtdily  giv^  "wpy  after  a  frpot. 
Tie  cpmparieon,  hevnever^  thiowe  but  4i^e  11^ 
jo»  the  sutsfot,  t^  tbp  AUiiatratiaB  i»  iMf  la  ^ 
:I«U  w  dark  ai  thfi  thing  to  be  ilustmtod*  3«tM» 
oftrs  an  additional  conjecture  which  ii<eonndarabl|r 
ionope  himinoMB.;  when  the  4i^>  begbr  tp  flow  lesa 
ipkntifuHyt  tbe  l^ves^  to  whope  lugwr  a,|;reat  aup* 
<pljr  is  iiMesiaiy^  aoon  btoovie  diy  and  conaeqventljr 
Jass  fit  to  iroiHregr  it  Bitt  it  U  Jk^oim  iJMt  ^ 
^mnohes  grow  m  tUekneaa  aftqpr  ^ey  fatva  giaifrf 
to  grow  in  length,  wbiflh  muHxiMesiariljr  occMHUif 
in  aome  degree^  a  diaroptko  of  tba  #mia  pf  Aha 
l»ot8talk  and  ateaa,  mt  knMkf  at  itbe  pMut  «f  :arti- 
Nation ;  and  hence  the  Jbaf  loa^  iti  bold»  and 
falls*  This  la  cartaiolf  a'raiy  pbuiible  coqjaoi 
ture;  though  it  may  bo  /doubted i/nhather  the  09^ 
plication  will  apply  to-tiie  ease  of  £v)eigfeeiie>  or  of 
plants  in  warm  dimatas,  that  nim  their  leaves  for 
•evaral  yean.  It  is  notiheeefose,  ftllegather  satisr 
Aetory ;  and  bm»  olbar  explkelioua  haue  accord^ 
ingly  been  oAered. 

The  AM  ef  these  jespBeatiom  of  whtth  I  ebaU 
jipw  take  any  notice  b  that  of  Willdenoir;  it  i» 
as  follows  >^Ab  the  aap  ia  cony^ed  to  tfae  l^waa 
in  greater  abundanoe  during  die  auoiaacr,  the  vessela 

*  PI9S.  des  Aitosst  lir.iL  disp.  ii. 
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ot  the  petiole  become  gradually  more  woody,  as 
well  as  the  whole  of  the  leaf.  The  sap  by  conse« 
quence  stagnates^  and  at  last  the  bond  of  union 
between  the  leaf  and  stem  is  dried  up,  and  cracks. 
The  wound  that  the  stem  thus  receives  cicatrizes 
before  the  petiole  separates ;  and  the  petiole  sepa- 
rates at  last  in  consequence  of  the  interrupted  con- 
nexion between  the  leaf  and  stem  whidi  the  crack 
has  occasioned.* 

This,  it  must  be  confessed,  docs  not  make  up  for 
the  deficiencies  of  the  hypothesis  <^  Du  Hamel ; 
for  in  the  first  place  there  is' no  proof  that  the  bond 
o^  union  between  the  leaf  and  stem  cracks  in  the 
manner  here  supposed.  And  even  upon  the  sup- 
position of  its  being  the  fact,  it  is,  in  the  second 
place,  extremely  improbable  that  the  petiole  should 
after  the  cracking  of  this  bond  of  union  still  con- 
tinue attached  to  the  stem,  till  the  wound  thus  oc- 
casioned has  cicatruBed ;  because  when  the  original 
bond  of  union  cracks  there  remains  no  other  bond 
of  union  by  which  the  petiole  is  to  retain  its  hold. 

Another  explication  is  that  of  Vorlick,  as  quoted 
by  Willdenow ;  the  leaf  which  possesses  a  peculiar 
vitality  within  itself,  though  dependant  upon  the 
vitality  of  the  plant,  and  generally  of  shorter  du- 
ration, dies  when  it  reaches  maturity;  and  the 
plant,  being  able  to  exist  for  a  time  without  leaves, 
throws  off  the  dead  leaf  as  the  animal  throws  of 
the  dead  part  from  the  sound  part. ' 
*  Prindp.  of  Bot«  p.  305. 
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•     But  the  peculiar  vitality  which  the  leaf  is  here 
supposed  to  possess  seems  to  me  to  be  altogether  a 
groundless    assumption,    and    an    unphilosophical 
multiplication  of  causes  without  any  apparent  ne- 
ciessity.     Is  it  not  rather  the  individual  vitality  of 
the  plant  extended  to  a  perishable  organ,  and  again 
withdrawn  when  that  organ  has  discharged  its  des* 
tined    functions^  or  become  by  disease  or  decay 
unfit  for  the  purposes  of  vegetation  r    This^  I  pre- 
sume^ is  a  better  founded  supposition  than  the  fore- 
going ;  though  the  reference  to  the  phenomenon  of 
the  throwing  off  of  the  dead  part  from  the  sound 
part    in  the  animal    subject   is  sufficiently  weH 
adapted  to  the  purposes  of  illustration;  and  the 
analogy  sufficiently  striking,  at  least  under  som^ 
of  its  aspects,  to  warrant  its  introduction.    For 
which,  or  for  similar  reasons,  our  learned  president 
Sir  J.  £•  Smith  gives  his  sanction  to  the  opinion  of 
Vorlick,    which  he  had  himself  indeed  been  pre- 
viously leVl  to  adopt,  though  he  was  anticipated  in 
fhe  publication.     The  notion  was  first  suggested' to 
him  by  some  remarks  of  Mr.  F&tirbairn,  of  Chelsea, 
who  had  observed  that  in  the  transplanting  of  trees, 
if  the  injury  extends  suddenly  beyond  the  leaf, 
then  the  leaf  remains  firmly  attached  to  the  twig 
even  though  dead ;  but  when  the  leaves  alone  are 
affected,  and  the  vital  energy  acting  with  full  force 
in  the  branch,  the  leaves  are  thrown  off  or  fall  upon 
the  slightest  toucl}.     Hence  Sir  J.  £.  Smith  con- 
cludes that  leaves  are  thrown  off  by  a  process  si- 
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nUltr  to  that  of  the  sloughing  of  diseased  piits  in 
|he  mimal  economx* 

{(;4/o^  W^  howevf^r,  se^m  qj^jyte  eprideait  to  ^ae 
jtiiM  the  i4ea  of  sjbioghwg  is  ^piprdiiBnd^  in  ^ 
jppipjon  pf  Vorlick,  at  Iwaji  ^M  fepi;9|BQnted  by  IVjU- 
4mow ;  but  if  w^  I  do  not  tjbji^k  that  the  analogy 
IS  very  weU  nutd^  out.  Sloughipg)  in  the  animal 
fpWQmy^  is  tb$tt  power  or  th^  exertioin  of  that 
ffiwer  by  which  ti^e  vital  principle  is  4S^)able  <^ 
thiowiog  pflF  a  part  that  has  a/ocidentally  .becfipie 
(dmsMd  apd  unfit  for  discharging  the  fu^ctiionf  to 
«rhich  it  ,wAfi  originally  de^ti^qdi  but  not  ^t^  fo^V 
by  v4iiqh  it  i^  cypa^Ie  of  throwing  oS  a  disl^iot 
>Qigan  vitepded  by  nature  to  t^  finally  scjpai:«le4 
fnmk  the  ipdividoaL  .Now  in  the  case  of  the  4^ 
Ji^tion  of  the  plai^lj  there  is,  for  the  most  part  no 
dismfe,  but  qierely  a  gradual  jKid  natural  deoay 
which  reduces  the  leaf  to  a  state,  ipj^*  po 
JoDger  fit  ifor  the  purposes  ^f  vq^tipn,  V>t  to 
whiqh  ijt  .W9S  intended  by  nature  to  be  reduced  Ibr 
the  purpose  of  faciUtatiog  its  separation  from  tjkft 
plant:  and  hence  it  always  separates  in  a  detqnni- 
nate  maimer*  and  at  ft  determinate  pointy  pfm^^y,  &t 
the  base  c^  the  foGtrS^Ik^  .which  :faanB  .as  it  w^re  ^ 
sort  ai  patfiiftl  joint  qr  articulation^  to  whic^  tbere 
is  npthtug  MS^logoas  iju  the  case  of  sipugjbtwg*  If 
this  wqre  w>t  the  ^t,  it  might  be  eiqpsQt^  that  a 
part  of  a  twf,  or  even  <he  whole  pf  it,  should  oceaaiou- 
ally  became  permftoen^t^  as  w<Il  as  the  J^raochlS9» 
though  no  such  tiling  h(M»  <3rer  yqt h^ppeiMi 
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And  in  the  sloughing  of  the  diseased  part  there  is 
yet  another  circumstance  clashing  with  the  analogy 
that  is  here  instituted.  The  part  supplying  the 
place  of  the  slough,  or  throwing  it  ofi;  is  formed  or 
exists  already  formed  immediately  beneath  it,  and 
is  precisely  of  the  same  character  with  what  the 
slough  originally  was ;  which  slough  it  pushes  off  as 
it  comes  itself  to  .maturity,  or  acquires  strength  suffi- 
cient for  the  efibrt.  But  the  leaves  Ml  off  when  they 
have  reached  maturity  of  their  own  accord,  without 
being  at  all  pushed  off  by  the  new  ones,  which  are 
yet  merely  in  embryo,  and  do  not  even  occupy  the 
place  of  the  old  leaves,  but  are  only  formed  conti- 
guous to  them,  except  in  the  case  of  the  Plane-tree, 
the  new  leaf  of  which  is  formed  precisely  under  the 
base  of  the  foot-stalk  of  the  old  leaf:  and  yet  I  would 
not  call  the  fall  of  that  leaf  sloughing,  because  the 
new  leaf  does  not  after  all  push  off  the  old  one ;  and 
because  there  is  here,  as  in  other  cases,  the  same  na* 
tural  articulation  uniting  the  leaf  to  the  branch  or 
stem,  and  rendering  it  a  distinct  organ  that  is  ulti- 
mately and  spontaneously  to  detach  itself  from  the 
plant.  Not  that  there  exists  no  example  whatever 
of  vegetable  sloughing,  which  the  same  tree  will  also 
furnish  in  the  annual  or  rather  contiiiual  exfoliation 
of  its  bark,  but  that  the  fall  of  the  leaf  does  not  seem 
to  me  to  aflbrd  that  example. 

I  can  foresee  an  objection  that. may  be  urged 
against  the  above  argument  from  the  fact  of  the 
sloughing  of  the  entire  skin  of  the  snake,  and  other 
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qpeeita  of  ierfwati^  which  ooay  be  regtrded  as  a 
di$tiDCt  orgw.  But  although  the  skia  of  the  snake 
or  of  any  other  animal  may  be  r^arded  as  a  diatinct 
aigan,  yet  it  Bsust  be  in  a  light  very  di&rent  froai 
th^t  of  an  organ  attaehed  to  the  body  of  a  plant  or 
animsl  by  a  natural  joint  or  articulation  that  oomes 
asunder  of  its  own  accord ;  for  the  skin  of  the  animal 
in  question  is  forced  off  in  the  manner  <rf'a  slough 
meiely  by  means  of  the  formation  of  a  new  skin  be- 
neath it,  which  has  already  taken  the  place  of  the 
^  skin  in  the  living  system^  and  to  which  it  has 
ju9t  been  shown  that  there  exists  nothing  whatever 
analogoas  in  the  fall  of  the  leaf.  So  that,  after  all,  the 
best  reason  we  can  give  is,  perhaps^  that  the  leaves 
bi\  incon8e<}uenceof  their  being  worn  out,  and  no 
loDgev  necessary  to  the  immecUafee  process  of  vege- 
tation; which  is  evidently  divisible  into  animal 
sti^s  commencing  with  the  sfipraacb  <^  spring, 
and  terminatiug  with  the  return  of  winter,  which 
is^to  the  vital  principle^  apparently,  a  period  of  rest. 
If  it  ia  necessary,  however,  to  attempt  an  explica- 
tion of  the  process  by  which  the  leaf  is  made  ulti- 
Bvitely  U>  detuch  itself  from  the  plant,  it  may  be 
observed  that  it  oonnots  wholly  in  the  change  that 
is  ^cted  iei  the  articulation  uniting  the  foot-stalk 
^  the  branch,  as  is  evident  from  the  remarks  of  Mr. 
Fairburn;  for  in  the  qase  in  whidi  the  injuiy  ex- 
tends suddenly  beyond  the  leaf,  the  leaf  may  wither 
and  decay,  but  will  not  fs^U  off,  because  the  articula- 
tion hai9  not  been  duly  prepared,  and  because  the 
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▼iUl  principle  c«b  now  no  longer  art  upon  it  firm 
the  intenrention  of  the  dead  ow  diseased  portion  of 
the  plant  beyond  which  it  has  withdrawn  itself« 
But  in  the  natural  process  of  v^etation  the  neocs* 
sary  change  t»  efiectcd  by  the  leaf  on  the  one  band^ 
in  its  3rielding  to  the  influence  of  physical  or  cbeniH 
cal  i^encic8>  and  withering  and  shrinking  into  nar* 
rower  compass,  when  the  usual  supply  of  sap  is  no 
longer  transmitted  to  it ;  and  by  the  vital  prinople  on 
tbeother^in  its  controlling  and  directing'of  chemical 
agencies  so  as  to  facilitate  the  final  detachnent  of 
the  fbot-stalky  and  form  the  scar  neeesaary  to  its  own 
protection.  And  this  effect  is  operated  by  the  eon* 
verting  of  the  substance  that  cements  the  respective 
fibres  of  the  leaf*stalk  and  branch  together  frooi  a 
soft  and  glntinons  to  a  dry  and  brittle  coniisteuc^ 
ainlogims  to  the  ehamge  that  tdies  place  in  the 
seams  of  the  valves  of  ripening  Capsules  or  pericarps 
so  that  the  leaf  fktts  at  last  merely  by  fonse  of  its 
own  weigbt,  or  of  the  sfigbtest  breath  of  wind,  but 
without  the  intervention  of  any  previous  ehiiik  ov 
crattfc* 

And  ifitis*necesB«*y  to  iUastrate  the  fail  of  the 
leaf  by  any  ansfagoos  proeess  m  the  animal  eoMosny^ 
H  any  be  compared  to  that  of  tbs  shedding  of  thi 
anders  of  the  stag,  or  of  the  hair  or  feathers  of  other 
beasts  or  fainds^  whkb  beiag  like  the  leanres  ci 
plants,  distinct  and  peculiar  oi|[ms^  f^I  off  and  ara 
regenerated  annually,  bot  da  notslaagfa. 

Aet.  xXheFaUqftke  JPi&wer^Tk^i^mm^ 
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which^  like  the  leaves,  are  only  temporaiy  oi^ns,  are 
for  the  most  part  very  short>lived ;  for  as  the  object 
of  their  production  is  merely  that  of  effecting  the 
impregnation  of  the  germe,  that  object  is  no  sooner 
obtained  than  they  begin  again  to  give  indications  of 
decay,  and  speedily  fall  from  t.he  plant;  so  that  the 
most  beautifal  part  of  the  vegetable  is  also  the  most 
transient  The  flower  of  the  Night-blowing  Cereus, 
the  most  magnificent  of  all  flowers,  no  sooner  ex- 
pands than  it  begins  to  decay,  and  before  the  sun  has 
risen  upon  it  its  beauty  is  gone.  The  flowers  of  the 
Poppy  and  Tulip,  though  very  gaudy,  are  very  short- 
lived ;  and  the  beautiful  .blossom  <^  our  fruit-trees 
soon  begins  to  fade.  The  scene  often  continues 
blooming  indeed,  both  in  the  landscape  of  nature 
and  of  art,  but  that  is  more  owing  to  die  succession 
of  blossoms  on  the  same  or  on  different  plants,  than 
to  the  permanency  of  individual  blossoms.  And  so 
also  of  the  flowers  that  adorn  the  field  or  meadow ; 
they  spring  up  in  perpetual  succession^  but  are  in- 
dividually of  very  short  duration. 

Art.  3-  The  Fall  of  the  /Vi/iY.— The  fruit,  which 
begins  tio  appear  conspicuous  when  the  flower  fiBdls, 
expands  and  increases  in  volume,  and,  assuming  a 
peculiar  hue  as  it  ripens,  ultimately  detaches  itself 
from  the  parent  plant  and  drops  into  the  soil.  But 
it  does  not  in  all  cases  detach  itself  in  the  same 
manner :  thus  in  the  Bean  an4  Pea  the  seed-vessel 
opens  and  lets  the  seeds  fall  out ;  while  in  the  Apple, 
Pear,  and  Cherry,  the  fruit  falls  entire,  enclosing  the 
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seed^  which  escapes  when  the  pericarp  decays; 
Most  fruits  fall  sooii  after  ripening,  as  the  Cherry 
and  Apricot,  if  not  gathered ;  but  some  remain  long 
attached  to  the  parent  plant  after  being  fully  ripe^ 
as  in  the  case  of  the  fruit  of  Cratagus  and  Evamf' 
mus,  which  may  be  seen  in  the  hedges  in  the  midst 
of  winter^  and  of  MespiluSy  which  continues  till  the 
succeeding  spring.  But  these,  though  tenacious  of 
their  hold,  detach  themselves  at  last,  as  well  a»  all 
others,  and  bury  themselves  in  the  soil,  about  to 
give  birth  to  a  new  individual  in  the  germination  oiF 
the  seed. 

The  fall  of  the  flower  and  fruit  is  accounted  for  in 
the  same  manner  as  that  of  the  leaf. 


SUBSECTION   II. 

Decay  of  the  Permanent  Organs. — Such  then  is 
the  process  and  presumptive  rationale  of  the  decay 
and  detachment  of  the  temporary  organs  of  the 
plant.  But  there  is  also  a  period  beyond  which 
even  the  permanent  organs  themselves  can  no  longer 
carry  on  the  process  of  vegetation.  Plants  are  af- 
fected by  the  infirmities  of  old  age  as  well  as  ani- 
mals, and  are  found  to  exhibit  also  similar  symp- 
toms of  approaching  dissolution.  The  root  refuses 
to  imbibe  the  nourishment  afforded  by  the  soil,  or  if 
it  does  imbibe  a  portion,  it  is  but  feebly  propelled, 
and  partially  distributed,  through  the  tubes  of  the 
alburnum ;  the  elaboration  of  the  sap  is  now  efl^ted 
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with  difficulty^  as  virell  as  the  assisiilation  of  the 
proper  joioe^  the  descent  of  which  is  almost  totally 
obstructed ;  the  bark  becomes  thick  and  woody,  and 
onrered  with  Moss  or  Lichens ;  the  shoot  becomes 
stunted  and  diminutiTe;  and  the  fruits  palpably  dege- 
nerate, both  in  quantity  and  quality.  The  smalleror 
terminal  brandies  fedeand  decay  the  first,  and  then 
the  larger  branches  aiaa,  together  with  the  trunk 
and  root;  the  vital  principle  gradually  declines 
without  any  chance  of  recovery^  and  is  at  last  to* 
tally  extinguished;  while  the  solid  mass  of  the 
plant  exposed  to  the  chemical  action  of  surrounding 
substances,  to  which  it  now  yields,  withers  and  dies 
away,  presenting  to  the  eye  a  decayed  and  rotten 
appearance,  and  crumbling  into  dust  from  which  it 
originally  sprang.  Such  is  the  transient  duration  of 
the  vegetable,  and  counter-part  of  animal  life. 
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